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ti>£^l # ifl-Af (200)^ BjH «e|$ (201), 44<>14Sl HJ- E ^1 # h q U> ofl n} ^ ( 2 02) g (203)* 

4. elHi^|?J(201)£ 4 #4 °11 (202)1- 4*1 4fe fc**-JM(204)* 7l-*H ^rflft^ iM ofln]6l 

(2020MH 4 fAg-sV <M-fr ^TlB)-^ ©Woj^s) <g f-s.^. wj-^fl # h 0 U> o]MEl(202) tfl?}- ^7) "S^* 7^ 

4tt t^IM^ ^7] E]H(205)* o^s^ 4^.°iiL 4M #A}# £^>7iuf 5] jg. 

oil nl el (202)5} oJ^Sl 4 0 M £^(211)* Ji3l£4. £E*114 U-Af 5(|?1^(200)^ ^7)1 « 0 v#^ 7^ 
*}J1 4^44 ?1£4 4#*!47fl tfUtf4. 



til Si 
£ 2 

^Jjojo-l 
slisll 

7l£S-4 

£ fi-Ti* ««*<>1, 3fl7l^l4 4t*ll 44 «(| nlE) *H 44 7jol4. 

WlH 

^4°1.2.:e.(led)4 # i^c ^al ±b]44 4*3 * #4 1-43^1 £|Si4. 4 

71 £44°1.2-i(0LED), *^(LEP)f"& £44fe ^EflS] ^ afn]^ ±jL^£ ^f- ol^-ofl flo^ 

a = 7 }Al7>^^LED ^Rr ^#e1 aqel, 7131 pH, ^e^IA. 4=44 C0#5M4, VCR 4 43] <?l 

q?fl 0 lEl4 #s)^i -^l-g-^4. <^4 *!c|1M3fc 43-4 714, »fl. 4^, *H*ffl l£ i!2 44 

4*^ 71 ^ =at4 £4 ^1 Ali^oflAi H-^ 

^«Jj7l)^ 7Ml7>^ 4 LED* =E#*H? 7>^4 »l«!lMfe grO. ^71, 7] 3fl^4 44 •>] ^ °W C|i 

#al<^H)Ai4 go. A £ i a^ ^ £A j #37 TflAl^ofl Ai #£3^ tfltg o|^ 4^ TV ^ii^ollA-l 

4. 

5 t^.^^i av^ 7H7^t> LED^f #^41^0)1 *J*13 ^71 ^ H (CHMSL) , ^Jf ^ft 

£A]^ ngflAi, S-]^. ^Al Tl-i-4 ^^Al^iAl Aji^Sl 3)^ 1007M <^ j| oj o)] ol-g.^n£ S 

^ SAH) 01^-^4. ^ i ^]A|j ^ 7 )-Al4^*V LEDfe £Al % Al# H^SS.o)lAioi ^^l/Ai^/^4 

^nfl 3007H4i45l t))ej= ^EfloHlAi 0I4.0I f^7]-S)-i 514. 
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44*1 LED 3 ) 4?= 44 ^fl °14 M4 3! 34 Ji4 RGB2:^7HH2] 3=^* ^ sfl j=a}.£ aj^jg- 
£1 iiiS °1444. 2^7^ 44 £^ 4471 e}ollS °1444 5U7J4 44 E4 447] ^ s. 

^ 4 6 1H, 4* £HS. 4x4, 2^4. + 44 ^ ^JM* 4°lSsL °144444. 714 ^£ir #lfl-8- #21)4=1 

4°ls^ ^^s^fi) >\Qsl, 4444 «4°H, Jt*°1 ^aL, 4^°1 7-)344°l 1-2-4 4^71-44 »efl4i4 
ois ^ 714 a^7) -g-g-* £444. S * 44 " led" fe ^-g^ z\s)(ir) 4# led4 

VCR, tv, CD $ 7)4^cii-H]^^ 40] 4*121 ^3*IH ^Ajofl oi^-sj^ ^4 444t11 s 

4^ IR4# LED^r cfl^H 4, fltf U 44 344 PDA(7))?l^cl)^^7l)4 44 IRDA4*14 3> £43, ^^3. 
<HH4 4*1 (" , J=^44)4 44 34*1 ^7]7}^\o}2\ f-Aj°- ol-g.^4. IR LED°fl D l ^1 $ 

IR el-M^ i?]^ 4*1 ^ ^- <afl.sc|4 4£ 4 #4 4*1 * 43£ ^^i-i4 44 ^l^^M ^ei|s] 4) a] 
24 4*1* 43 ^^/.i^qoi^s) £^ €*H()]4 ^5.^21 ^44 44. ¥*, £.4 « uv4# led 

« LED B1M44 31 -JE * ^4 cliHofliflfc ^ $ 71^4 4£ ^| ^4 $ 4^1444 fltfl ^^2) iLS »1* 

44. 



&4 LED±44 4£4 444 44 -S-8-<Hl ojfe S^fls) £§4£ LED-j 1 ^ °1 -fi-fl^jl o] 

* 4^°1 AflTflaiol 34 £^ 4^1 2)* 7)2] 44 a) 03. o]*S|fe 4444 *M 4«H 4°147fl ^)e)£)7] 
nfl^-614, ^isfj 4«1 g 44°fl s|* 4*44 44°1 7^4^, fta, V4«l 4±, £4 

44 *4 5 fe* ^ ^12:^^1 *««4. °1* LED^ Bl-g-ol aalf-nj tfl 

4^5] ji -§-a)^-g-# ?i*v g-3 a$°fl 2)^H #4. 



«tfl^l?l ^4 a^^l ^2)^1 Sl«H4^ 4^ ^7i)2i ^71)^ jr^v^tv $ tfl^= 7>^- -g-^014. ^4 

«: Sfe ^)^12^ H^S SE^r c) *)343 4^ A ^ Jg- oflulEj (LED* 3L®)°\ cfl 

#^1 °l-§-4^44. 



44^1, ol-8-Slfe- ifl^rfll LED^ l-<a^sMl sfl?)^^ THD(4-f 4^1 ) SMD(2^^44^)) ±4*1 

*4. c ll- 0 J4^^-S " T- 1" S " T- 1 3/4" S ti o U H v 5]H THD4^J4 a!44f ^4* 4fe 

^-av*v 4^11- £44^4 affe 4e)s4^ ■?H3£7l4.?_iM ^s)4 oi^, ^e) * sl± 4^ 4 

S * *I«>1H S 44 ^7l^°i] -g-olS>7fl zj-g-44. E 4# °1 4 THD LED4 ?1 ^1 ^ 

^44 ?]4e14s1 °li(|S]S7l^A£5l ^e)4 o]^, s^, * a* 7^^- 4-g<^ -g-oi^j poiyLED" 4 

^-^r ^44 ±4# £444." TOPLED" H Pixar4 SMD LED±7>fe ^E]* oj 4 s\^ 7 ] o. a 

s) ^si^o]^, g 57^^*4 ^Aia^i-^tfl «elie|-a! 33. ^*€4. 



#El^^-THD*ia SMDoia4°fl a§44 ol4 44 4^11- cl4o4°l ^4^*1 *efls] sis. oJ'Sl-els) ^a<H] # 
JSLft *)El<>14. LED4 4-8: 014 #4 i7H ElHf- 9j4fl3i|S7l4(PBC) 0 ll 4-g4°-S^ ±47> PBC4S1 

4£ e^oi^^ nel ji ^s}r £^ ^A4, <>14 ^44^14 ^7]^ o.a 4^4^.5^ 

^l-S-^^e-^ 44 4^H £.3. ^^44. y-fl* ?II°U melts *S1^. 4£ IR* 

el 3. *7l 47fl e|#S. ±b]c1 31 ^ #elc]^o)] o^tfl 44^1^ ^#144. 44*1 »lt 4^^ ^is 4^44, 

-Ml^Sl <aHjL4(end effect)* 4 A S44. 4, 44 £fe ^4 #4 214 4^I^S 7l^<H] cfl4 o]4 

44 4^H«fl4 4f * £71*1*1 ^44 4>S44. ^14 « S e1#s tele] ^e)^ 4^ 4^2} 0)44^1. y-^5>^ 
4^4 4^ 4h ^4 <a*]>84 4^)1 *4 ^14^4 7^4 b!44 ^#14fe 43-9-5= SU4. 



cfi^Aj4^ ? floin -frc-i $ e]#s «ctH tfltt 4H34711 °147l-44 wl-g-^i/i a4^^1 ifl^cl «7fl ^7H§H 
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fe4. 4^*-3* 4U*14 4* H]-§-°14^r *« 4fe4, 7)tH°J 4*lfe 4^ * j7l 3 

^o,| 2)44*1 a]-§-Ol j^WH ^7}- ^ o. oflAAlfi} ?jjE 34*fl fl^ a]^ *H ^71 3 

^4 <>l-§-5l*]4, °lt- -§-3iL4-i- 0 l^l d &4 Ml-g-oll:ji 3i7}o]4. efloi^a). 7 14 *i«!3<>! 

4^ 7]*-& 44 i^-g-^* 4*j42: 3 -g-8-ofl ^ 3*2H:a 4^44 34 3^ £13*0 4*H 4434 4<S4 
42 !4# 4*144. *M« #3 £fe sits. £c] *|e)4 3 4^* 1142! <0 4£31 4 ^1 ^ ^ AHJ44 a?<>1 
4. 0)1. ^fi] ijq.^ 4^431, o)^ 01 4>g 4°|oi <g isellif ^43 *144t14 4*14^1 % 

$4 £<a4 ^ 5a 71 «4|S-°14. 3l4^°J 4£3] 4 °W £4^ 4^? 4<>1 1 ^#^43 4*1 

3 sli, uh<h ^-h, 401 441- ^ ^-§. iisife 4±| O.S. ^s)<H 



f^eflsl y-rf (PBC*H £^14 31^4 3*4^ 2] 5fe iBflH^H 4^)4*1^1 4<>1 4*13 71^ 

4 4^ 7l-«a^4. °1 #3* 15^°H 4*1 3E4M 230-300E*l 443 ^£Biol# if-t *r 

oJ4. 4*1°) B1H7} * 4«4 4£ 2^ f-^zjAS 7J £ £ ^ol^ ^ H 

4*H « ^14 s)3 9^4. cflAi, oj-t ^lfe ^o]* 44 g-g. 4*l°l ^ofl #5:45:4 4^ oi-f e) 

= 3) ^-^014. o|H B]H^ 4*13 €r^|Sl lfl44 ^#471 ^£°11 <>1#* 4^ *i 3 # 4*13 ^^^«] 

* <yAi^ o.jg. 4^144. ci^£. 4^ ^i|*v s]£4 4o)<h 4°1 34# ^ SI4. °1 

^elfe it 1 * ^ nl -8-, 4 34 ^lsl 7l^^J m 44^14. 



si al^ sis^fil -frel €°1 *£<»l^o.a 4£4t)1 #4^4*1 ^-^1« *^4^ 3£ M^, °1 

^ 41^7> ^°l^sl -frsl °1 4A5., ^^^j^sfe 2»l^£l °J44^1 ^^4t1) -§-471-71 nfl-S-^14. 

-fre] ^oi^oi^-o.^ <g4ji Bi^oi #44711 €4. sia^lH Sl^si #1-^1 4^1 ^"1 « l^^s. y?b 

ol-a 4£^fl ^Jtb ^* ^7l<Hl 7Hl2joi iejjisl ^4 sa°H. 4^1 ^ 

aj^oi ^4si5i «3^*o> ^^s^ 47II2I?] ^4o)4447fl ^4. <>134 1) (^-a-H^H 2^ e1h = 3]<>H 
4)^7i 4°H ^-hsI 3]^ £^ f.<g ; 2 ) 4°1 ^4 # 44^1^1 4*2|o) ^.sfl. 3) ^ 4^5] p}oi hs 

4K); 4)s|I^lsel e^Hsi 1-^7V^ ^45-sl 4*1 ^5*1)9} #^^4 5! «^ <r*7l, 4i Sfe 714 ^4^# ^ 
4*471 ^14 ^44. 



0^4 <yo] -.^0)1 ^a-i, *H^^ «1 tt> €44*H1 ^144 sl£^14 44 4^H1 ^144 slia(l4 
»H14 ?l^lsl*14 44. H144 4^H1 *l-8-il^ ^i^lfe ^^4 44, 4-34 °1He1 $ sIai^i- ^4^31 <:»l-§- 
^ ali^lfe 4*1^1 ^444tfl*HH 4«^^s ^«H4 44. °1 44-§-& ^U44. «1 44^H1>1^ 
»1 ^5.4^1 ^7H^-on, si 44 45L31 4*H1 tfi4 sis^m #^^4 #4^1 ^4-^, 7>js^), ^e] 4^1^-1- 
544^ 494 4 A J## S444. 44AS ^1^)4 «H1^14 4^ °1 ^^l 4^ 4^1 *l^l^£(T g ), 4 

£ 1*84711^ (C te ) S/Sfe 4* -S4SE* 5.44^ ^It^l ^2. 175£^sl €°1 ^#°ll ^1444. l-^^4 ^114 
^ 4^1-^ 44^1iS 4^- Q e S fe* ^4££# ^1^47114^ ^^4 #^.4 4?)) ^oi^- £ §ioi 4^1 
121 0.3. ^^44. oil: »14^S-°il, 10^*4 130i^l 5fe (230-300£*Hl^sl ^ ^Huofl ^«fl)a4§ 7}-a 
4 47l5lHi tH4 «i 44 4^1^ tfl4 2^3 1-^4 b|S33|s) 4^4. 

^2.^4, 4 44 ^ e)A)Bl<Hl tfl4 3] ix-flo] 442)0) =^£0)) Tfl4 ^i-y £ nl 44 4£*fl°fl ^44 ^ 
* 44^1 #4^11 isj *44, ^4^1 ^ 4^1-^ °l-§-# ^7144. ^7l# «s], 4^^ 714 #^4 «7># 
ol £*H4*1 tfl4*£i 4 44 4^1* s)jL4b^l 4-8-slfe 3fi #4^H^ 4* T g &, 0 ?C t6 ^^IS 

5Hr 444 <H1^1^14. <>l*7l nflf-«fl, olff *4 i30£^m4 4£4t11 ^ 4<>14i°11 tfl*> t #o)l^ ^44 
3 S4. 



4^ *lBls o a4 ^4^1 4^^1 0 J °^£41- a.4471 -Si«7l#s] 4 44 4*)^ 4^4. 44 ^4 

4 44 71)4* (*1-B- 130i^l tfl 3^ no£^143) 4°fl °l-g-444 *£M4 ** *£ 10-20^^1* 4>a^r Slfe 
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4i* 3ft 34 o))X.X\2) 2)?^ ^ojo,^ oj-g-* 4*4*14, Oll-^ ijM2.ft 4^ ^7} ^lTj^Cf. 
S Ol-§-s]-Jl 2)A] Tflfi^ *Sfl°l # ft£*I| £* 50E*I £fe =L0]^2_3. 44S4fe £-^4 



#<g4 4^3 4* ^7)4^1 0]-§-S]^ 7}4 <afta)°J £#*Kg- 4*1^2^1 ol-g-Slfe ^71 ElHSl 

44*1 f^Mz) &4* 3°14. °1# -§-34*ft eJ-M <3*14-§: #7MylH3.*i ^HS^ 4*1 ^MMH) 

4 t A 34fe l€ 6 l7l" £4. *7fe 1) (414 7].^] g|c jfl^ <>]§. 

2) h1hj*| (y«9 344 4*1£*14M3 t^js. *7M7U; afe 3)3 = 3] ^^aj* *7H?1 h 

3.*] 21^4 ^7l^°l ^*°i] 4°J$-a- cf-g- 4^3. «ltH*.s ^4|€ ^ &4. <>1* 37) o)-g-*H, 

*BlH ^l^^-rf ^ElS^-E]^ 4t*!ftiL£# *¥*Mflt*| ^71 E^HSl ** ^ ft AS ^3144. 



y-t*4 4^ l^lS^ ftf 7l#0] 44^61^)^ 0)1-^ HVl^l 4 ^n]^ o. 

■8-°H °1 H o Vl SA£. *)lft44. 4^ft 2) — 1*1 ft* Ol 4*|<J] 4^ AJ^4 A] ^Aj-O, 4j5)-7fl ^5}A]7]fe ^ 7l£S] 
4*H fl°H*l *^*£7>o>7lJacf.-a<g7l^S|LED^«|S| 4^4 ^7)5lH^ ^l^-S- 4*H 

*4^ 4*H°)M £4« g°)l tfl* Htf^ fSS«|2l <*ft-fr ft4. 44*1, ft^7l£4*13 ?d7]5lH* *4* 

H^** ^ft£4 4*ft 4£ «4** 7W£s ?4)sH°> 44. ft^l^e] 4 44 * 43 tflfi-fe qi4<i 
* ^r$H 444*31 4ift 3*4* 4-a sis^i^ii- f-ft t *d££* °1*£ 4*fl£-4l 4* <a*dE£°il m ^J4 

711 #*H44. 444 #71 ^ <S #H ^4 3Htr tfl^-o u^Hf^] 5} ft ^°fl tfl ft 4^ 1* ff«l°ll> ft4. 
^"g 4^3] ^O] ^ £4-5.^3 ^* Jii^fe^ °l-t 7l-^*V ^21 d a 17-1^ ^<^^^ ^ 

as ^1M1^ di ft* mi^ ^7i*>4. 



^^Bfl*>oflA^ ti> H ^j ollolE)4 ^i}^ a) t|) £5L 7j-i)4 o, )c l E )4 ^3&7JAM 

5] ^xi*j-4 aJ4 7Hfil 

**1 ^fl^- ^£4 4a^| T g £°i^o.5L o.s *S>*Ffe ^ -fl Sl^^i^ -a^ft 147> ^^4. 

ol Sli^flSl Q,^ AS nl|-f ^^*>7fl *7>«H LED4°H €"^4 ^S|-1-<|A) a ^ ^Tflajo] 

iH^1^4 ^aj« sis* S-^ft4. 4^4 tf*7lf-a] ^l^^ai 7^^ ^^fe, ^^1*£4 

AS. 80E^ofl i^sMl S4. 130£^1 ^fls] s)£ ^4 ^-£31 tJ^.^) ^^Ai, oil- -g-g-g- * #4 

^4 At4 4 social ^tn 2)tfl&# ^iftti-4. i7H^ ^« ^ safe 4^- 

±4* f-4^ Slfe 4£^11 * *** t^^fe "it *4* #^-°)l *#3AJiL ui 311471 

«fl^-°fl, 3lcfl ^-o)i ufl^v ^i^* »^^o)lcflft *M8$4. 



LED^l a 4€ 7|^a|«l fl«H °1-§-7>^*v at°H til ft 4£ ^llft 6 l H i^!44. IR, 7H7^ft H uv<Hl 

nlE]# i^4fe ft£^l LEDfe #4 #Hl^°J °H4^#* TJ^H 4* ^#ft4. <>l-t olio] ift*> 

fe 7.1)5.21 cfl«#Sl s-^olja o)!; si 0^4 AS .^ tflu £ E ofl 44 oa^ s LED^ #7>fe « 0 >#jLf-sl 

ifl-g-4fe ^» 47lft4. °1 S4fe 7Mi7}^ft, uv 3 irU-*^ £^ ^ifl 0 )] ifl-f ^-S-44. ^^£si i 

£«| *7KAt)fe 43 4^S1 *-§-ft 1% « O.lnmSl ol** 47l4°l °2^ft « ^ AS. 4** 4711 

€4. 44^1, 40^1^1 ATfe ?Jft^AS «o v #4 €^^^1 40%4^4 3*1 H 44^1 4n m ol*-gr ^7lW, 
4#ft £4# j«?14 1 -MtHI^I 7l^^s«isi led^t* 41(1)4 ^4. 
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p = £-£4 44 LED4#4 #3^4 ^Tjofl tfl^- 4^ 
(f-^-^ O.S. - 0.011) 

1 = 4^444 444 4544- 

a= (2.0-7.0, «ifr^o.S.fe 5.5434)444 ^IM 44 4<r 

b=(1.2-5.0fS44)44444 ^rfl £44 44i 
4(l)£44 #3 3lt U 444 44*44 £. H 5=4 3S4. 

4*4 a|44 LED44 34 ^4* "*M*H 44 444fe ATI 34i44*r 44 «4-f ^44. o] 

4* 43* = 444:2- 444* tifA^',} 4444. 

#£. LED43£ 44*Rr 4£ 44 +*« 44* 4444 ^)«)| 43LED4 -=-34 34HH4. LEDS 4 # 
sii* >WRr 44 4 *fi.a^ji(aH 444 4 44* £4844). ^44, 4dfl4£4 44fe 

4^4 44 ^144^44 ^flS. nflX fe£ 444* HM^jL 44 £4* 4444 4*11 4344* 4444 #4. 

nl-eM, 4±?- 5mm T - THD 444^ 110mW4^r44# 25£4 ^4££44 4444. 

4^ 444*4 447}- 4^$ *fl£* 44444, £§44 41-44 44 414 «j3.4* ^44°-3.4 n 
b)ji ol-t 444 4344 ^4* 4*4^4 ^444. £ 4^ 4*84* 4*)fe 4-414 tMH ^44 4s , 
4 a ^> afe «JS|« ^lifis^ n4¥4 4444. 

4#»4, 4#44* 444feHI oi-g-s]^ ^^2] #3)4*4 44* Stt* 4i44i 4iJ 45L*11 443, 44« 
si — *J * jih 4*. 444, 4**4. f^M) 4£44°i 4* 4** ^444 4*3* 444 444*4 
44* 44 45-4 44, 44«4h 3 £ ji= 4*. 444, KOVAR g *44 4* 444s. Efe 444 afl* 
1- 4 -§-44. 

4 4 31444 4^4 3 37134-8-841 444 $144(444 £44 4** 4:444 4<e0, 444 44 
*r 4* 27>44S4 44444 &* *14* 444. 4fe S* 4*- 444 4^*^* 444^4, 4* s. 
4fe 44 44 **44 4 si* £44 44* £43 4444. johnson4 4^ #4 4 4,267, 599x4 44 
4 44 44 ** 444. 



Johnson^ LED^I 4444 44 4 °-sL 444 1* 44 144^44 444^ TO- 18 44 £4 4 4 4*^ 
4* £4*Rr 44* 444^1 44. 4 44^ K0VAR44, 44^1 «e]4« H 44 list £44^ 4^1 £4 
a ^444 stl3L 4^ *12)44 4^44 5L^^4 44* f-4f 4, 471^^.3. 444fe 4* Ji444. 4 1 ^ 
4 *N4 4-44 44ai *. *■ 4^, 444^ £fe 44 a. 4££ i£i 4444 Sl4. 44 #4 4, 
267, 559X4 4^4 4^, kovar sfl4 4 a 25)4 4^-4 ^t^T^ 44 4^4* %n 444 44 4£ 
^^■^1^ «^ 4444 « 41-4 ^t4, 4-§- LED^^s4 444 §1^44. 



4^ 4, 4,267,5594 «54 ^ 4 4*^ t4£ 44^^s. 44 4 44 4^ 4*4 3^444 444 44^ 
3, 44 ^444. «114fe *44s K0VERS.4 4 4 4s.s 4fe 41- £44^ 444 #44??44 444 444 
4t* 4^4. 44444 444 *44«.fe 444* *)14 444 44^^s 44*0444. ^44, kovar£- ^ 
■f 4££* 4^4, 4 14H£# 4fe f-4 4£ 4s.^4 44H^^44 i4* 4J1S44. 



ir7^t] #2001 -0114224 



v]^ ESI 4 4,267,559:M m& 4*14 444 LED4*lfe 4*114 44?t o^^oIji 1 

^4^01^ xflSSH JI7] nB-S-ofl. <g ^$^#4 *EjS|«H4 SH 4^ *4fe #7) 4E EE-c 

*jj 4267, 5593^ #*1 4 LED4*lfe TO - 66 4 7]*14 q.3 $ Efls. ft^fl a^SU 

i4-fr 411*1 £444. 
£3*1 *HI4 £^ 

ti-fl-S-S*!* 4 44 oflt^ie] outfit 41*11 ol-g- s]^^ ££ 4# 4ll£ ±*W fl*l*r£* 

5U^i4 3 -ft aW*l ^* tffl hfe 714 3g^s M ^4 « 0 ^£] oi^-o. £^4 oi3j£ ^ 

43 *S cj$ ^4 £^ 0 j ^ fiol. «V£«H °]MEUJf3 £7]%SL3.iH 4£ 1*1 4* 4fe 4*14 

4. 



HPS tft-oj*! SnapLED g «M SnapLED 4*l*r °1413* ^44. °1 4*H ^oj 
4M4 44t S)3>H 7l7fl^ o.S iflflfl-o.S^ SlS-ofl ^£4. ^40} -g-^^o)!^ 474mW4^ 

fc^aiSl #343# m. <>1 tMJ* ^34 3 7>fc 34 ^ssfs] oiana- ±^g\ ^ifr 

m. *)m si^fe ^q^s. <a*isisa«. 4*44 4<a 4*1 « se^ eiss. #3 4^* 
«h °14<h 34, 



43-8: HPS^-El °)-g-7 r ¥4 SuperFlux 4fe LEMM *l "A 3 *R -1^4. SuperFlux 44 

s] ^HjJ.B4 $*H*I £#5] S*UJ-fr ^» * *l£*0 S 4*<3 3 *fls * 44 34*14 ITO. 

°13£ SnapLED4 2* «) 4^4 ^Jo] ^°}oj ^^S] ^^8)* ^fl*4. c-j 



SuperFlux^ sfl^l^ ^^J^ M^^H^l THD *A>^ * ^^<8= 7l7l4 tl 7fl « 

4. tfl^I, JL7MJL, ^ A ^°J *«H 0 1*» ^^]5]^4 ^^1^4. SuperFlux 4 

7]^ <d[H^ ±$L+vl<LsL o)^t}7)^n 9X3- »3H 7l^-g- 90S A}o]^. 

^«*^r 5ft 4. °1 y-fl 4^^ «^ ^1^4 4* 4^ *^ ytt 

£714 ^4. 0 l53€ ol ^<fl ^ss 4<a* ^H^l-7141^ 34*0244 S-«*H S<>1€4. 4 

^14AS, SuperFlux sfl 4 4 -1" f 1 ^^ 5E^ ^ S 31^ *>7l fl «fl kf^4^l7ll *^««Bl^ 

#^ a4. 2^1, ^ ci^#e^l -S-S-ofl 2l<H^sl o]s 714 LED#*H *Jl« €?1^ 4^14 4*4ft {J-SI S/a 
cfl^= y-^^leli -§-01*1-7)1 Slfe feTll t^^l- 3^ ^^-ir 7>4^ «^fl °1-8-7}^sM 

o>4. o|i- feji 4** *&&3-t}£: -S-§-oflAi LED 2 ! -a^^^l ^-2.4714 n>t^« "o 1 "** 

^^471 LED^Sl ^sflol^ol^-g- ^o]sV4. 



4^ o.s.. 4^4tb *|e)*«: « Ms} *S.«H * ^13 4^1 * ^11^4^ gjo] «>^a| 

44. 



^7l)s-s] S-2001 -0114224 

E 3* #$7}<£°\ u>s.sfl ^ aj. A > o\]v]b\ 4 71*11- EA^ 

£ 6* i nl B] Si Jul^^E. 

E 7a-£ 7cfe ^ b] <fl n] ^Ajo] 7 fl^ £ , 

E 8* U M <Hl a lEl E4€- ^^H2l £ig. 

£9a-£ 9dfe °14 aa^^l E£. 

E 10* &E*fl * 444 °1H3 jM*M ol-g-*>7l flft el ej|«a si ^si 

£11^ &E31 * aj-A). o| DIE] 3(1 71^1^ EA)SV 

E 12a-E 12cc = 'S* iHU-g- E*l$ $ 4^E. 

E 13* BMlH o^g *M1SS1 El = =5)|<i]5l 

E 14fe -tl^7l#2l LEDtfi uJ-Eifl # «M oflnlEl ^Hl tfltt #3 4^ tftfl #4^ ^^5.. 
E l5ir % #4 <H]nlEl o]* #Etfl 4E*2l E£. 

E 16a S E lSb^ $S.7\ 5tM4 SSfe * tfAj. °H D l E) #*1 S) EE 4# ^fil -sHofls] JE£. 

E 17a-cfe 4E31 * 0,1^1 E] 4-4)4 <^ &) EE 4# ofl^ E ^ 
E 18* StESfl ^-« 0 UV o|nlEl 4*1 ^ E 4€ <tf E«. 

E 19a 5 E 19b^ ^£4 $I?14 §ttr * #4 3*1*1 E 4€r «*H^1 E^. 

E 20* ^E*fl 4 *A> -flol^ 4*1 3 E 4* Etf. 
E 21* >frE*)l % #4 °11 D lEl 4*13 E 4€- *M«(*I E^. 
E 22fe <&E*fl # 44 °)] D lEl E4-& £^ 

E 23* &E*I| 4 #4 o| ol el 4*1 S\ 2 4# *H S) E£. 
E 24^ *|E^H°11 42*1£ 4E*fl 4 44 oflclEl 4*1 <>} 
aja| efl 

E 2* 4*1 #2l4 1 3, * 4^«) 4E*ll 4 *8"A> a^r 5fl?Ml(200)Tr 37Bol^^. ^j-, a elHEiUfg (201), «V 
4°l^al HVE^) ^ H> v 4 °D D lBl (202) ^ ^5^1(203)^ 44^1 oil- xl-- -a^f Tjolnf, 
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e}HJEe1<3 (201)4 45L31 4 44 ofln)E| (20 2)4 ^44^ 33013 «44 43, 4E3] * 44 °fl 3 3 (202) <H1 

Cfl*V ^71 ^44 ^344 *1£S)-JL 2^ 4E*I|4 44 o|nl^| (202) t'S4 14 3343 3 It ^34 

a 43°fl 4t4fe 3^44. 3^3134 4 7)]sl 1121- £4, 4 <a4*4?fl(204) ^ (205)5. 

£33 443 433E# 5.444. 



44*4*11(204)^ ^1 3. 4333 SZ-fe-^n 3 1 3E #4°-S 4^33 °i34, ^jo] c^eW 

3*11 4414 1* 4343^ 34433*11 (E]JEL(205)4fe 4#)!4 *S» *H*SR= 1 ^43 SEfe 3*} 
7.fllLS # 7 flz] O.S. 4333 X14. 44343-S.^ <S**47llfe 33 e)H(205)°ll 3*1) 343^ 3£4 t^l^s 
<HHeh o 1sfl c] || 4343°!] 344fe 344 £4. 7}444347Utt, 1 4* 4*11 (204)^ 4 

Sjifto-S 43 4344 33 4£ EE£ 43 75%-90%34 444^4 4^33 $14. TO - 18 £4, 3 31 

3# *«« 1*4 <fi 3*3 44 3 3344 3L#*Kr Johnson3 444 3* 3^43 44 43, 444 *113 £4 
7}. £ aj-^ofl 4e). ^ h 0 U> (200)0)1 1&34. 2 4# 41 7|-44 4^4, 14*4 *1) (204)7} 3£*l| 

(203)4^43 If- #33H(205)3 3)£*fliM 4334 434 33# 4*r 434 3443 ^343°1j 34 
44^: S<>] 4. £4*431 (204) *o*](200)ifl3 * °1133(202)JL43 £4 <&E44 ^34^1 °lS. 

44 43^43 #7lsi44 ^«^as 4444. 



4^34711 443, 14*4*1] (204) 4*117} 0.25mm- 5.0, ^(3.3 207)3 2mm- 25mm°l-n. 33933(208)7} 
2mm-25mm34. 44343£ir, 14*47-11(204)^^*1)7} 1,0 - 2.0mm3 jL, 43 9.5 - 12.0mm(37l (207)) ^ 
3^7} 10.0- 1 7.0mm (3.7] (208) )3 434 344^1 JL3134. 2 4* 3 433 € 43°H3, 44#4*11 (204) 
c 1.625mm, if3 11.0mm(zmrl(107) ^ £37} 12.5mm(33 208) 3 71143-2-3- 7fl^ 344*1 

a*M4. °1* 371^ if 4* a« -a* 55 *ls ^ja >8*4^ °<J^* a^4. °1# H7isi <gfl^ ^ 



^«] ^*E)<H oj^ol, l^#^?1(204)fe 4€, «S 714 Hl^A}^^^ 0. S Sii ^S|Sl7l4 

*1 ttA«, ^'S, # ^# it4^ ^47]^«11 5i= 714 S^14 ^ client* i 

«■* 514. 1 ^*4fl(204)fe HlllB- ^^1^, «i#n]fr, 7j-« £^ 714 ^#4 ^ E. ^4^14 



^^#¥-711(204)^ 714^^. ^^^^714 <9Jii^«H 1^«-¥-^°ll tHt>±42] sl^s) ^4ir*^ 

4^14. 1 ^#4^(204)^ S.#5l<H 71* ^-^sl °}e] #el^ 0 J S°l 4^^!44. H-10* *2 

4^, *s.«n * #4 °1H el (202)^1 443 43.4*113 ^4*4^(204)21 <^^(ioo2)fe 44#, 

i^Kr ^as 314=1 °1 4°]44f-e] ^4 4444. 714 ^ # Tfls^ <H1 ^ e] <^ f 4#4^ 

A)-o]ofl oj^ s %d\q t ^^14 *g$HH «°i44 4t^4i4l- $J4. 

^flfife ^d7l HQ 5J ^E^fi] 34, 37] 1^, sfl€4 4^#°J=r 5fta. °114 0 J44^3£ fflo], ^x], ^ 

4 37)3?I 4^^ o]^^ OJ714 a| 3 fto.^, <»l]niEit ^4#47fli ^4*H4*4. % *\S. 4^M)e] 
1 4*4^(204)3 ^^(ioo4)fe t4^1fr, ^f-A^ 441-4 f7M?li 4^13 tiHM^l?! 

4. s. 21- 4^44, 3^^1(203)45] ^4#4^1)(204)£l (222)^ qaf, »a] 44n* £fe 34 fe^ 4* 
aq^oi 44^4* 443?J4. 4# 34£ 14*4^ (204)3 ^3 ^^1 343^ 434 4^ 43^ 
^o_s. 43# us.** 4£^1 4 44 a))33^o1l4 °143& 4°1 44 3431 3s^3 34-1- 443^1 
4. 334 344 ^3 °fl^, 44 E^ 7]4 floijs E = ^^^4°)1 -§-34 E-33 #3, 

3^ 4 441-3 3 3 ^44*34 3443 3444. 



<& 4*47fl(204)^ 4£^1 4 44 «H]33(202)°fl 3«fl 4^4 ^°llfl]4 3133 4^433 0 J44si- 33 43 



"S-^m^ #2001-0114224 



EEfe 43 afe nfl;*H 33 *B33(200)<>1] 3^44. 34 4% $7) 3*1], <a4#4i(204)£: 4£3l % 333(202) 
ofl 443 4<334 334 43 5E^ «J^W 6 li 4£ 1344 4434 44. 14#4i(2024)*r 4434 
oi a j-j ^ oj.a 1Bl ^. i g 7 j-sEfe 714 ^4 ^ t^, 5Efc*4 44 433°.:5L 3 3 

434 3334 44 £4 a 3£-£ 2 ) 4£-i # 0,lD]El7> ^4£ 3.£o§9j.OS43 Dl£) O-E 

4-c 4434AJI. f*AS *}43 iS. 4434 4tt t 1 ^; 3) 4^4 * 3334 33^3 °13433 «^ 
4£3l33^S43 44343 433^34 44 4334 3Sr 43; 4) 4, 43 £^34 434 

^££33 ^31- 4<l3 *7H t#3 *4 £334 4H4-b 43334 s)s^i«5-si)Bi]7il aEfe 33 ? 

£343 314 S 441 £44 4433b 43 9 5) 4#3 3 4 Ml^^t 44333331 qat, 

-44# SEfe 2)^-1-4 *j^3 4fe 3^3 34i£-# 7>^l 34 £31 #01)^71, $ 

°M1 ffi^ 44 tfl^; *133 If-i o|*il ^3 o]^^ ^aojifl^ 3344 3344 34. 4 43 

3 33 ^AHoflA-lSl 1^*43(204)3 £ 4# 344 €71 3=-(205)3 433 3 *H 33sl^ «0| 1 Jt 

*3 A4* 444fe 334. 3 14*44(204)*r, 14*431(204)71- #31 44343 #7l3H(205)3 1*11 
7> £|7m 434 4433 ^1*1 <>H 4 ^fl€4. 14*47-11(204)71- -g^- 0 ^ £4 1444 344fe is 5 4 
4333 3^ tf"8 7>44 el = (205)71- i^H 33 sg£4 1^*4i (204)43 °11 3 34 4* 

a *i*0.3. ^333 33 nfl^, 4^ 333=- (205)* 344fe Si 3*1 ^7|€ *£ 3°14 4434. 3 7l 
^£ *l7l3U333 £tf ^Ol 1- gSj-tffe 33 " RC" 333 7^4 4A>44. 



31713 H. (205)3 4f-4 ^£.3 €7l5lH<=fl 3*1) £X|^ <Sf- ^^^^S. 

^■*1(200)^ °J4 1^»4i(204)i 3«11 ^*«4. °1S #7l3lH(205) 

7} www led -i-4 A ^§i 0 l ^^€4. ol^l* #71)1-^ €^-1- ^^4i € 

713 = o| 3^4^ 7>^*v ^i^7l^sl ^^oflAi a. ojoiAi, 3 s. (205) 4 

°1 *■& i^ins ^^7l aD^-ofl, ^-rf^ ^713 (205)* °1^4fe t*^lol7> £43.2.3. ilxl^ 

Sa4. ol* ^34^ €33H(205)7h 35i(203)i #^4^ g ?13 3"3 3siMli £g-3^ 4^4 

3-^3^14. ^^#^-i (204)3 47>^j9i 7jfr& l) 3-31- 7H135-3. 334 334^ 2) 34 
33 JM £^ 34 ^*34 3-^r 33 4 ±4°H 44434 334fe ^4; 3) 4£*fl ^ i33°il 3i **S 
oflui^si JHfrai*l * 3S Efe 34 33 4) 4^4 #i4^ 34. 4=^3 4Ei * <H133i 3*i! 4#4 °)1 
333 4433 ^444. 



©I* -^433 33143 3 «fi. 471-33 ^33 ^4#4i (204)i3 ^^33 3# £ 3°l £3^4. **( 

230), 4f-^3{232), Efla (234) £^ (£343 &*) i«E-^. = 4 1^*^3(204)3 3 3 ^^ = 33 

37)133 rze]3i 34 4^33 S 33^^334 331- -8-343 44. -H-44433 3^33 ^£ 3^^3" 
i tfl4 4 433 333 44-i- 3*11 if€ ^ 5tl4. 443 afe 34 334 ±4 Efe isi 444°. 

3-3S433 1 141-3 3 44* ^ 34. 444 43* 4-8-43, 34 4 i4fe 4^4 4 3fe 5 3^4 
^-4* flail 4 433 433 m &o}^ ii-3334 334 ^ 34. 



3H33 a^r 3(30)* 3 4#4i (204)3 ^^3444 4£i 4 41 3 3 (202) f- 3 33^3 444^-S3, 1 
4*43(204)3 3^11i€ 34 4 ^33 S 4435.33 34* 4^3 433 43^4 44344. 

2^1)4^ 34, 44 3 3 = 34(301)3 £44 i44c 4 °H33 (202)4 £34^ 34*43(204) 
3 £33 44 441- £c ^33^*^34^4 34334 3^334. 44343 4£3 4 44 «H133(202) 
s 3L44fe 43 i Si33 . 3 * 3 3 3 3°H £43 443 3 3 3 3 343 tffrs 33 33 3 3 °J i 3 3 3 
333 444 44344. 



h 2# 434^43, (20104 205S 4^1)3 443 443 333h# £44^ 3 2 34 ±4* £ 
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^-^4, £ 3.3 £ o]sfl x)7l2lH^ ££*fl # #4 in]^(202)Sf #3 i£i(£Al4# go.)4 ^ «q« 

^7lS1SA>d]S] ^71 ##* l^^lflsfl ?J43il3- ^« #71 #£ £44^*4. #7) 3 ** J<l|#*r7l 4 

*H #7]5]E.(205)b 7)#, 4 6 H S^i, ^vjjE|-.ofl tfl *V 71 7]] 3 <?| *#2} 4^3.42] * ^ ^4 g£ ^_ 3 

71 ElH(205)^ o)4 ol^ <a^tJf7j|(204)i ^1 *H ?J4 1*3.4 ^H°J a] 

2014. A>^, elH(205)°)l 21*11 lN4 °l*r 1 tf^tt "Wl* £34H4 "g^* 4# 

3J°1 4^344. -# 7 ] sl^# "jH^tfl ajt*V 7HS.^ ^, ullel^ f4 £s ^ ^ i 0^1^ £fe 714 
#** £f"44. °1* Olin Brass of East Alton, Illinois!" £D"4^ °1 e] aHj= "1 -§-7}^^-cf. 



£ £^4 4£a)*> ^AHHl^, 44 6 1^2l #7le)H(209) <3WM(204)3 U42) S^JL S] ol 514. 0} 
3H £ 2 »)]4 ^ (206) ^1 <a^#^7fl(204)4 el H (209)4^ 21 2!33# l-ef^o] 3*ofl2lsfl c^sH ^4 ol 
#el3°l 3^(206)-& sla^ll (203)21 ^3 SEfe 4i*l)2l S>1 o)) a} 0J4 0} ^ o. s< oj*j) #7lelH(20 

9)-c "S ^#-^11(204)4 ^H£S <S^4H£. #^-7} °J31 #4 5l J=. (209) S.-T-&I <l^#-¥-7ll(204)2l -f^- 
* #4 # 1 iW 4£*fi # °Q43(202)a| 7U^oi]^ 3^4. 4t>i# 44<>n v 2i i<g #7^ = (210)^ 1 
^•fr^Tl (204) °1) 3*34 514 &4. 



£ ^°fl #7lElH(205)^ i:## °J*14 # 7l E} = (209) 4 #4 S)£lfl2] ifi-HJfl # 4 

4 °llD]El (202)AH°H 4#*J* 4^4. £ *«34 ^AHHlA-l, $0}o] £Ho]] o} £ eg*.*, « 7 ,)o)| ^7^11 

3*4 3°14 #7121^421 ol^l #71 el c (209)21 Cfl^lfe ol oj^^ ^7M44. #7lel£(205)fe elH2l 3.7)4 

4*1(200)2] a)^ -§--8-011 44 £^44£ °J *7H?lfl«fl ^^°1 D fl^ ^711 sl^ «>^«r4. ^^fl*l- 

711 #7lBlH(205)^ 1 ^#-¥-^21 ^7)|21 4 i/ 3 .i/49j^ 5a.3l ^4 4 0.25mm -2.0mm°U, ^-o] 4 

0.25mm -2.0 mm olJl Q°]7\ 4 2mm - 25.0m m ol 4. #7l5l=(205)2l ^7)) 4 £3 St 3.7]^ 4 0.51m m ol 

3. (elH7l- 3)^711(203)* *#S>^ ^^11^ ^-ol 4 0.87mmOlJL (e]H7} sj i^lf a1 c-1 ^ Jg^ofl 

Sr#^l7lfe ^^.S^-El #^^)#ol4 cflSf^ O.S 9.0mmOl4. 6 l5i-& &1H# ^HTrdl o^slfe e)H ^ f-^| 7jol 7 > 

^421 e)H ^ oJ^^oll 0.44mm 2 d 2l °p}®z\. BlH# 21«)), £ 40)) 51a] s) ji ^7fl 

44^* H7l# 4# , a^#^ 7)1 (204)21 Eflu^ b))u.7> si\3.% (203)1" ^°H^1 17.875mm 2 2l ^a|* 7f 

^^r 5U4. fl^fi) -i^H^T-i, #7lsl£(205)^ ^j-f^s 0J3, oj *^« 7 )) (204) fe ^s|<H 

5U4. ol ^-°-<Hl, °J*11 #7lslH(209)fe fl-SS D Jrl-ol A Slfet-fl °1^ £o.S^ «^#^7fl (204) 4 ?J^7>«^ °14. 

oi« ^-a- 5ioi4. 

^^■(DC)#€<H1 2lsfl f-#^ «VE^1 «J-A> 4M«] (202)* 4-§-§fe ^AHSl ^ o. o)]i xl7lelH(205)Tr ofl 

^4 ?fl^4-^ #7l el^s. ^-^4. ?H4i-fH #7lelH^ #7] sis Efe ^^^^ #71^-4^1, #7) 
elHofl tfl^)^.^ ^o|4 #7]elH!- 41^1^, 1^ #7le)^ 2}Jf #7] £^ ^^^ofl 

JMH (?fli-fS #7)5lHofl tfl^) 0 ^ #^7> #71 51H# 2lo)tV4.- 



^AHl2l,#7le)H(205) #sf47> °J^1 #71 E]H(209)olal <H] n] ^ (202) 7}- SlloliollAl #71 £ 

m*= m% Tj-f-Hl, «>1 el ^(209) 21 ^Aj o BJ:£ ^ £4 i^lEl(202)2l BflolioflA-l ^4 o im 
£S. ^s]ol oJ4 ol ^-fofl, oj 5 | elH(209)2l ^4 avrfl^l #7l^e ^ 4401AJO] ^ ^ 
(210)^ Bfl7l#o)l 3.^-hIji 40^ ^-H(211)l- 7fl7l)4ol *£.*ll *4 <H1HE1(202)21 Aj-« BflEofl #71^ o.£ 

3*€4. 44^, »1 °J*11 #4 BlH(209)^, »M °)lnlE)7l- ^ 3flSollA-l £^ ?11^H 

*H 44 «J:£^1 » 0 V 4 °llDlEl(202)2l Aj-ijL a-c sflHi #71^1 0.5. 3*4 ofli.H £fe ?Bi-fH 7}#4. 
£ 3*11 EAlsH oj^ol, ^. £13 o. 4^21 HVE^ll a o v 4 °I1 d 1e1 (202)* 5t4^^ ^ ^4. 4t^^ -S^Hl 

i^l, ^7Hol aVs^fl * *4 °11 trl El ^- 0j^#^-7fl (204)^1 f ^4 ^ (301)ofl $7ll4ol ^^5)01 0J4 oil- ^7fl2l w> 

£^1 % *8"4 0)1^14^ °l ^#^-^(204)011 #71^ o.s 3*4 Hlloli^oi] 3# SL^f-i i#t!-4. 4°d ^13 

?B±-fH #71 els. (209)fe #7l^S# 4£sil # 44 °11 D 1 (201)oll ^44. =7fl°l ^.el^ #?1 el 

£•(210)^ 1914 ItH #7] f-5L# 4421 4ES11 #71 o^lelofl ^-g-^cf. ^58*0], 40)0! ^H(302)^ ofl^ 

— #71 el^t 4421 4£*H *4 ol] ni El (202)3.21 #713** ^^^4. =7B4 1°J4 iiH #7lelH(2lO)2l 
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0144 A7\m *\}v}b\o\] m =-^4 44 4-i4»Htu4 444 4sl*ii 44 11*13 (202)4 ^ 

^AS *«J4 t 1 ^* ftfe 3 -Ml, - ItH ^7lE]H7l- o}%% ^ ?14. 5E4, 4 

^2] ^7flfil Wj£*fl 44 oflDlEiJic} §£S ^)^§>7] fl^il *f-7fl Efe 37IH4S1 ^71^1-* i444. 



5L4# 42.4^. 44*14 4-^HHH, ^7le) = (205)fe-HS »8ia £|£4 S^sH 5tU ^4 *S4 £fe 1« $ 
°H -a^^^S £#5H 514. E 4<1 £43<H 51*4 ^7lE]H(205)S] 3g4£ ^S-7} ft#47l *H ^ 

«E^lu 371 £]H7j- 215.^1(203)^ t#4fe 4 HLfe 4°1°1 ^H7} E]HS 4 3«H e]H2] 44IE4 

(209a, 210a) lr 5E44fe ^4-° 3- ^Aj^4 



4.71 elH(205)£l 444 4£*ll 4 44 °H "13 (20203.^4 444tfl 3)H4Ji 4^4-fe 4°-3. ^ 

•^34. °1 4^HH4, ^7leli£l- 444b 4°14h 441-(302)£ ^71^^31 44°1H 4^44. ^^#^^(2 
04)^1 3144 4£*fl 4 o\]v)b\ (l-)(202)7)- ^44 S 1 ?!* £44^ 3§4-°-S $444. (20404 ^144 

4£31 4 44 i^lE] («-)(202)ol 344 £44 £44^ sg^i^S ^j€4. 5. 3°ll £43 °1 5l*°l, 444 ^ 
e|H(205)4 ^44 ol l^fr-f^ll (204)4 ^4°H 443-° 3 ^3 *844. 47] 51^(205071- £AlsH °1 

3i 344$ 444 4*7 3 ^^^ol 4# 44£, ^Ms(l4 43£ 4$ 44, 44fe 44 Efc 714 44 ^4 

^ 7}?]± B1H7K €-2-4 46^^^ *j #0ll e)c ^ fl^, £ gig 4 °] ^ ^Altflofl *V4. 



44 ^71 2lH(210)^ 1^1^ *fl (204)4 4^ 44°fl fl*]S|o1 5tU 4^*^7-114 444*1 £44. 4^*4 T-l) 
(204)4 4^4 444 44 ^7lelH(2l0)2l 3*l2^£ ^71 el = 7> £4#7li- ^44fe -S*87l# ^-3-4 €^ * 
elol h , ^f-sl ^A^* ^144^ ^t^l LED°11 cflsfl 4°11 ^#ltt=r °^!^ ^ ^4 3 4^4^ «1* 

°1 5l4 ^oi 2^ -§-o|4t11 5a 4. 

£2i^1 7|«f«loaE4«M ^^1^5 E-M« 4*^* ^m-H, ^7l^E(205)feJfli*ll (203)^1 <il 1 S4°-3. 
<&%*}3. ^^#4^(204)b s\3im -S^sH $14. °1 S (204) 4^^(203) ^1 44^ 

4(^4 U*5i -^4444 i^4^)# f-^l t#4sl7l4 ^-7^ AS. 514. 



^7l^H(205)^ o^ei 4i^ 21^^1714 ^^£1^^514.^^ elH«!H^-4£ s?l E^4^£?lf 
4°H4 * ^21 01-g-^- *)444. s?i ^- « o u}si <a44t°l ^7lei^4 qs.?]*^ 4^ ^ 

°A4 44^14^1 «4. °1^J^ ^444°1 fil^l^Hl ^114 ^^<H14 44°14 

4 3H1 ^4^AS ^^14 4°1h s.?l 4H l5 14. ^£^1(203)^1 ^AS^eI a|^os 4447l^sfi 4s1b1h 
(205) S ^^44 4^1 h 47l^°)l^ 4^1 s\ ol-g-i- *1444. -§-•§-* 4°1 h 5^ <as S.?l ^*114 
o]^ ah 3 oj-g-^. A44. £ "11 ^ 4-§-4 444 3h «I= 4^°ll 44 tMJ* tfl«l) 

el^H^l°J(20l)* -§-°14^44fe^^ 014. 47le| = (205)fe ^* i44fe 4^ E 34 jfla* f-7l flail <^sl 
■HJ* £44^514. «fl*t-<H, 47lelH(205)fe <£$s\3- 7l44°ll ^H = e)l°J (201)fl ^4* #4^l«)l ii-i 
S» i44^ 5U4. 6 1# 5lHH^l°Joi 4ifl^^7l4°ll tH4 ^(tipping)* 4^147lfl*fl 47lslHfil 

^4<H1 -r^4£4 514. 



osl sin «1h, ^Efl.s^ ^ ^^^§ ^4 ^H=?sn<a^s 4^ 5lH S7l, AHH4-7l,4-f-^^, a 

444, ?W ^-4## £44^ 4^fl4 ^fl«l ^-§-^71144. °11- ^^°11 ^4 elH = efl<ysl ^4fl ^s] 
^ ^14°lH ^1^44. 

^7l5lH^ £E ^ HlHS) 71^31^3) #b1^°1 4^* 44^1 ?1 fl «8 ^si^ds.^ £4s]7l4 ^444. 

^o.s,dt4 4^(203)fl fl4fl oii-EiHSl 4^u|^,^, =, 44^14, 44 44 £4i]7l 
4 44SM sl^4 ^-^^^4 44^1^1^4^514 ^4fl elnfl 4^4^4 44^144. 
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£4 43^1(203)4^4 4H(205)4 JHfr£4oH £^4 4 4^4 34 4<>14 7] m °1* 

Six: 44 4S.S. 444*1 fl4. 



«■ ^3 3-3* #4 °W4 (202) £4 £tt «f- *d#4 *4*H 44 *#4 f-el^o] ^ 

4^1 4t^ lOOnm 4 2000nm4°l*l 44* 4fe 3444 t4» ±4 Sfe 5«4. * 

vfl4 4£*fl 0J4 o)M4 (202)4 443°J 4^ 444 *£«M ifltt 4£4 434 W44. *K£*« # 44 °il 
4 3(202) U^ 0 ! 34, 7H g 4.4,3 ^ cM (LED) 3 £t 4 6 1# 5 4 7]*«-«M * 



£ t^l °l-§-« *r Sit * 3E4-& #4^1 (LED), tt* 4°)^ (PLED), g 

44 44 4ol£H(OLED) £4?t4. *1 #S. D J:#^?1 ol44 ^fi^ 444 f^Hfl4 Jf-4 LED4 34*1 

o.S. *443 4 441H-* 4*11 4^ **MI| £4oM444 5i##44£ -ft-71 4 #44. °13 4 4£31 

4 °)1 ^1 4 D 1I -f Al^ 444, Combrige Display Technology, Ltd. of Cambrige and Uniax of Santa Barbara4 

±$. + 3.^ £4^- ?J4. ol3* 4Sfe *tf-°ll 4^1-^44 4°fl aj^jis. ufl44^ « 

2>-7lla^ £71 34, °J £££ LEP4£*fl % ^1 4 «g *#«-7flA}o|^ 71434 £^.8-44. 444, 

44 4£3) * 44 °fl w l ^1 ^ 4*84#o(| -§-4444 4#4 "WE] si 4€- %6fl S£fe -8M LED4 3144^ 214. * 
44^ 344 °ll D 13a] ofl^ 44-^4*44 ^£ 4°Hi S 4^144 AlGaAs, AlGaAs, AIInGaP, GaAs, 

GaP, InGaN, GaN, SiC4 £44 *?-7]^^$ P-N34-H14 €43^51 4#4fe °1 3 LED^* 5L444. * * 
34 >*4^i £44 4# 44 LED-fe 44 ^4 £b *I4*114 Af-g-o)] =q S(| =|44 °-444 rifl^t* 



Cfii3°J LED ^^l^li£ 4-8-*}^ 4*M olA>^ LED^^USMD 5 THD) % ^M »?]£ LED<HH°)>fl«i|^ 
ol-g-^4. ol-g-Slfe «V£^|4 ^-«*M1, €■ LED^ -g-^«ffe o>#o)l £71^ O.5. 

^#4fe ^£-°r 5^*4. £. 51- %^4^, <>1 3 « ^4 SV4s] ^^c{| a^sV*i ^-H 4 

= (502)4 4°14 ^o)l tB^ ££ Bflol^fil ^Efl# 41*4. -f-^AsL, ^^^-^ €-H 5flc (502 )fe « 40!^ 
(503 $ 211)oll aRl^ofli-Hofl t||« ^^^01 #7l34H| §13oJ ofliiHo!4. LED^S] ££ v\)o)^ 40) «-^v 
#(505)oll Si* 2lHJE3loj(201)o)) tflt oi^3°J ^71 ^#<fl al^o) ?lli-fHol4. o]^ ^Eflo] LED o)l 5^51^ ^ 
^9*. ^4 -&— sflH(502)7} ?fli-0-Ho)ji £ E H]lol^7> ofl£.Hol£S. £#£4, £ 4^ ^o|| oa^Ai^, LED^ 
21 2)4 , a- 0 r ^/flfil ^-H all HI *]4°1. a^^l LED S ?I±4-H«>| tflft ^7l 4°M «rS.(221)<H| $M ^fl 

44. 



€r ^oH 0l-g-S}7H) LED^-cr 4* ^S 2 ! 34-SL 4^ D J"tol^4. 



(#2:; hewlett- Packard, Nichia Chemical, Siemens Optoelectronics, Sharp, Stanley, Toshiba, Lite - On, Cr 
ee Research, Toyoda Gosei, Showa, Tyntec, and other), °1 B] * ^ -ft 444 S 0 l7r .0 

008" 4 0.16" am 4 Af4Hfloiii- £<>i 7]- 4 .00" - .020" *H e)1oM4 4°1 i5£«l^sl 44 4°]^ 3>d 
Eflo]Hi^ oj^ s ufl^oj ^^4. a. ^ahhai, ^el4 (444 #o)1a^ 7j 0 ) 7 V .25" 4 

Ai-4 moii* ^fe) 4 ^^o] 04^ aj^m 01^4. 



EB^^S'j'l ol-g-«}7Hl ajtf* 3*3*1 LEDfl (202)3 7 H^3°J 4 0 H^««>14. LED ^ (202) 4°M 
4 ^-2,Hl ^^-cl-al ^o] Aj.«ofl ^ ajTgol 0 .lmm-0,15mm4 ^#4«V oj^oj ^ £^ 
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5052)1- 5**4. ^34, ci €■ 33 o]-g-o] £ ojg ^a] 4] S =i<i] ^ E - 44^ <>1 + 

°1££4 U «fl7>£*&»|Ei«84 2**!**l i-e^ ^>fr*4 4^4H ^444 

€■ #51^* £444. 343*-S, 443 £1= sflH^ olfrofl tf)$ 4f*3 £H 34* ^-fr f^fl fl*l 

a 4. °13* ^4 4H*1 344 t-IR*^ 44<>1 $l°-4 4°1<H -&H h ?jl oi 3+41 tn« jl^-s] 4#4 
*1*14. ^14. 4^ 4— ^h^I sjflt 3« led^od cn^tf 44^ ?144 £j=fe 4* 

7J4. £ 541 5=43°! fl^oj, a. H BflH(502)^ 3(202)2) #<a£ 4= ^flm ^X\f] 7 ] 3*fl 444(50 

4)« £**4. oil- 4444 <£4 tj£^44£ a)l€<y4 $14, 



4^ 3flH(502)4 ^^^1714 £«8 ^(502)4efl4| *!*)* <933 #4 4*# (6 010£ 40]^ 3 = 3 *s 
* 444^ ^44 Sl2P-Nlft 4* 5«J* 44U5L# *¥*4. 44 444(601) + IT04 4+ 4^* 

4iL£ 4-33 4 $14. 

4*4(602) + 44#°1 4*34^ 4^ 3* ^3* 44\E4.4##4 44°143 P_N34* «3^4tt 44°143 
P5E£ N«-S 5^4 4£3l#-fr 5**4. 4*4(602) + °1^ 3* 4*1°J3 + 44°1^ #<>l# ^je^)# 
4 £M4 iM4 4^-1 5*44 5a4. 

54^- 4241 floHfe. P-N34+ £^3 *E*)1 #(602)4 5L^4 7l*(501)4°14) «g A j44. <>] Tj+ofl # 
*+ #(602) ^ 7)4(501)21 E*44^4 4*1 #(602) ^ 71^(50102) 3*4 i^sH ^4 ^ •^±3.4 
El #^*4. *H *14 °le1* 4 A 3 + ^7H9J + ^ 3* BE-^r <=133*+ 1H4£4 ^-7>^ c.S *S*flt 
4 4*4 4 Si4. 

7l#(501) + 4*4(602)2] 41^-1 >34i 21** EflS 3£ *£^1 71^14. 714(501) + #4^4714 4^ 
44. 



7)4(5010+ 4*4(602)* f ^Rrtfl ol^-S]^ ^-°J4714 -fi-4* *£*«3.-SL Sl4. 7]4 

^ A j41 $X°\*\$=. 7)*(50io-^ t*#(60202l qs.su- 4& AB.S. ^^sl tH XIji ol^- 2 - 0 )! 4# ^flS-4 > 8-## 

(602)4 7]#(501)4°H ^^1^4. a J-##(602)^r 7)^- (501)°!1^ ** ^^5)^^ o^* 

^41 «<^4, f ##(602)£ 71^(501)4 f-^Sl^ A J^^ 31°]^ ^47l#* "l-g-*^ 7)^(501)< : H1 ^ 
^34. cjH\^\ 214(6030^ 7l*(501)2l Bfl^l °J^1^* 9p^-ir *^l7H, ^ 

* ^ A J4ai 3 7) *-)*-& 7 T } ;fc Ai ? l4. <HtgtM-f41. 7l^-+ a>4oh 7 1^41 f A j4 GaNLED^]414 ui^£oi 

4. °1 4Efl°tl A 1, ^7l]2l ^cj+ 3flH(502)t LED^ (202)2) #^4] $7||4al °11-^ 44fe ^##(6020^ 4^4 
^71 ^^^j^o] 0^40)*]^ ^B.4 S14. 



<^2l ^21 -S-71 =MJ£ 4^7^41711 ^151<H «14. ol ^ «VA)-7| * ^# ^A^4 ^ ^-7^9j 4^1* 5*4fe 
LED^^l 7HA]5|<H OJ4. qi] 37)4^01* 71 8}^ ^^2] £*^|s)<H Si 4. ^ LED^ 21 44*4 

^ E^r ^l**^fe o>q 4. ^(202)21 #4 7 J°1« #7M?13 f-sfl isfe ?i4 D j£4 

7j-islo] 43-3* 7j +41 ^s)i^-^7V c) *44t11 44. t-l®^ 4^-7V d) #51^ » 0 >t* «144j1 31^^ LED 
•I t)l* £42)*4^-i- *14*4. LED^ (202)21 Hflol^ ^^01 - 7} ^ ^4 elH5^]<y(201)4°]2l Err 4 

■g €-H(505)2) ^#°J°4* #7H?14. ^7fl°1 ^^i*l- 4£4:a 4i^2| 4^ ^J-^^l fll* 

f-Bl *4*£1- 4^1*711 *4(£^ t-i ^ 7^ £ ^ d ^^.§.£4)^ ^-^* ^ 4^1 4£4 * 
4). 4#«*°1, el 4+ ¥44E^ ^Tll 4*« »^^4 i4 45)^4 4^14^01 ^444. 



LED3 (202)21 iol^ cg^oi LED^ 4 ^i^H (204)*}°)^ Efe #cl ^H2] 

44. 013* el € ^4^°4+ e) 44a ^o] oj ^Tfl^oj ab^a^ £)#oi£)^ <g 7^1^01 o. H ^msH^S.-?]* 

434 sUi e) 5U4. 
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3*4°. 3., LED^ (202)2} tifto]* ^1 (202)4 l^t-^Ml (20404°l2] 34*fl 5^r *4 4H(505)2l la 

^#^21 - 7> ^ LED ^(20202}- 1^*4*11 (204)4°i a zs.su 471*14* 4^444. °i4£ 4°ii4 n 

iiH I£^r oflitH %z\o_SL ^44 °1* LED°i] tflsfl *A44. olaj* *IM^ 44* *4 4±4 34 44£ fe£ 

fl<H « a 1 *4 -£-S.-t 4*M?1 71144(2^ C-i 43 4^ Efe ^fl^HeflAj -S-^sV f-^^E* * 44 

£4* t^t}). 714(501)^*11* 4£44 44 ^43 4*H 3^ LED^^l a^oI 4434. ;§4 

^1 LED$£ f-7fl7} 0.010" -0.012" 3 «8$irH4. 0.006" 6 14S 7}^4 tfN 447131 fl* ^ 714(501)^1* 
4^44 714(501)* #4 4?1 *UH s]ol afloli ^^^S^El ###(602)5. Jl^ 4fM *R 

444 7l^^l 44 7 r <g* 7 n V^Al^4. 61 #£4 £aj #4), o] ^44fMlt)14 £* 34*51 S °1S olSll * 

7 r 4 ^-4 jLi-°l 47144. £4 71^(501)^1 4#*(602)4 LED^ (202)7 r 344 < M^# J iM4 0 l 

o) <gx-l^^. ?]-4iAl?H 34-°-sL^42l <S <f#* 44*1 7lJl ol 4*1 a] j-£-g. 44^4, 44* ,GaAs4 4* ti 
^* 1*14 7)4 HS.3. ^4 4*1 44°1 S14. 44 £fc ?D4i-fH ■£= JflS.«fltfl^ 3 7] 34* 4*8 

4*<H1 ^lsU^I ^«33<H 5(1*4 44 444 «7l 2I — (205)4 °1°11 4714 4 4^4* €^4fe 4°H *h 
(211)°ll 2H 444^£^44. ^4 S£ 4*44<4HH. «1 4^4 4°H £H(211)fc 4U21 LE 

D#*N°1I 3*14 4^2} LED^^l ofl^H 2^ ?H£*H°)1 ^l?!*^^ ^^44. 4°H -£^(211)Tr $3-2] ^ 

^aHHa-i^i 3711- xfl£i4ji 4 s S7i# LEd^^Hl t 1 ^* 44. 



4al££H(211)feLED^(202)ir LED^Sl ofliiE ?lfl£^H £t f S^l ^ 3 4^-°fl^ t^fHSflE(5 

02)t * t1«l 7[* « 4^ Si4. *£sna5°l. ■& t^^l 4°1°1 €-^(211)21 <a4 

LED344 444 471 b1h(205)a1-oH1 ^?l ^44^ ^°14. 4°H£H(2ii)4 ^hs1)h( 
502)^ ^4^?1 LED^^l i& 4^-7} xeiol=4fe ^-g: ^7l 7i)4 f-s* M^AS. ^444. £ £^1 Si 

o]^ sq-o]ol gxH ol^-sl^ 4°H^ °1^ f^AS, ^7|ol 0.04mm-0.3mmfl4. £^1 *A 

44 4°H^ 4-S-s) 4S£^ei ^ sZ4. 



(42:; American Fine Wire, a division of Kulicke and Soffa Industrial of Philadelpia, PA). 



471 1^ 43)7l£o)l Si^-ol, I-^Il i*4«- £H* ol^-gH 4°H ^^(211)4LED^ 

(202)4^1 4^ 3fl^(502)4°Hl °J44 °-3. ^^51^14, 01^4 7J4-°)1 Sl'H^fe. 314 £^ ^^^1 €-h4 4 
£344. 401^ £H Y^l (211)^1 44i^2l 471 471 21^(205)21 -f*, "i^*^- 7119204), tfl4^AS 

4^H°1 4^4 LED 21 4^ 3fl5L(502)°f| 44 -B4€4. 47lelE(205) 2fe •S^# J f?fl(204H ol^-4 
4 ^rHfe 9jaV^ O.S. 4*| Hi-c- i.El^l «-^»14. 



^^t^-7H(204)2l ^4^1 ^# ^4^- 471 3£ 34 4°l¥4i- °il#^l2l 4t4 ^6fl2i oi-g-ofl on- 34 

34^H142l ^-4 4* 1^21 f-4^ o^^v ^71 ^.E£t «J£a| »i 9i* ^ S14. ^44 4°1 3 

4^1^ 4^7l#<>ll ^l^M Sli °lfe 4** 4al44 4 4 (Quantum Materials of San Diego, CA, from Ablest 
Isk division of National Starch and Chemical and EpoTek of Billerica, MA). 4?1 4E 34^H1 tfl4^-S4 y 
rgo] ojig *3AHH14 LEd^(202)* t^#^-^(204)°)l -?-44^ ^4^.5 <>l$-34. 



LED^(202)<^1 471 45. 34^1 Sfe -?-45l€4i LED^ (202)4 ^l^M (204)4*1 41 4^4 

47l ^ 1 3S.E# 4^44. °lfe LED^2l Bfloli 7i]£^HS-¥-El 1^1-¥-7ll(204)2l ^-€-21 #4^1 ?l)4i+H 4 

7l el^a 342] sf-* -§-o14t11 4714(471 4 6 H i^HHl 4421 *§-* 44). 4°1 ^4* ^ <k 
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c| £H(505)-& ^ (204) £fe #*1 *UL*(203)* ^3 ^ %^H°W °l*]*Hr IM^S L 

ED3 (202)£**1£4. 



a>4o)o^ 7l^£l InGaN % GaN4?W <>IM 4-f §Hr ^4 ^7j]3 1 ^ #q-* £^ LED3 (202)3 
ofl, zzei^ 4°l J f L 41-(505)fe ^/flsi <a*H°J a ^#3^0], <a*j 7)33 a} ^ £fe a^o. 

*>4. °l^€: 6 l^t!- 33 ^(°HtH * 3Hi-9- = 07l- »H4 <^1# LED3 (202)3 ^51 £H iflS. 

(5020S 4^*H a ?1 t*M 4°l J MH&(505)ifl<iH 4<>H £H(21lH 3*11 nfl*oj4. oU)-^^* 

aMSfc (n*le] £^3* « «el^-S- 3*ll)€7l ^£3*13 #*13 7l** SiS *M 8fe4. 



^X|Sflo) ^£ ofl t H4 *H>h-fH ^3 3*H tflsfl ^l^MI* LED3 (202)* ^#^r 5H4^ 3 

°14. 3* ^efl3 LED34 £°1 iL°l^ ^(502)^r *H&ia4 #3 333! tffcafl 

4. 3* £ ^l-S-l^ 5t(33 Sis. -HI 3*14fe ^+^1 3 -I ^-33 31$ ^1-1- 
*>4. 



LED33 5^ #U 3LED-5. <£s!3-?W ajeofl £<y<£|&4. #^ 3LED& ifl-¥- £3 431^*1* 7>*H ofl 

tHSf 7fii^4 LED3 3 «f3 4 «■ bH^I 33€ 5H Xi4. #3 3 LED 33 °<* 

#^°ll =ll«: *7l 3 3* -a^fl-£.S«| 43"¥-4 3*M £fc tf^j3*fl ^fl^aL 9\c\^ ^£7} « -8-4*1 & 

4 (SEfe ojoq o]-g- 7}^-sW £ t^H #^3 LED* 01*433*11 sfl€€ 3^4€ 4143 4*114 2£ 4 
7H3 *i<S#£«f]34 £**4*14<>H*1 ol S1«H-H LED ofliiE.^ ?lli+HA}ols] ?l7l^^* *!3t>4. 
61 tn«n 4^4 Ji nl-8-ol 4#*U 4 f33 4^3: 34 3E«-*^^J£. 3^ #3*H4£ 4t3 

*>4. 



m.tgofl ol-g-^fe 3 <>l^B)^ ^61 ji g|=ji flaj O.S. #E « ^71 7l^o.S °1 7l«fl 

<Hl>Hfe T^HSl ^7l 1<S, ^71 ^£^-HiflH7>T *1£I°1 Sm. t^f ^^^1^ 1) ^l^lSfJl; 2) "11 

iiH 4 7|i-fH ^^«flt(|«: ^71 ^^<Hltfl^^4 3) ^^Ej^ tfl* #H ^LED^l tf)?t--¥-^4 "S^* 

^■^oil Cflti <H^El^ ^^H] °1iH4 Jli-fS. ^^A>0]o| ^71 ^=14 -fi-^l^fe- oj5l 71^21 ^C|.. 

iftEJH * •S-a} oflnlEl (#) (202) 4 #7lelH(205) S ^71^*4^(204)^1 ^^1^^ ^* <>l«il«J-fe °lel 
^7)^61 7Hr44. °151 ^alSl 4*°fl Si4. 

JE 7ab ^d7l ^-g- 711^ o.S £AltV4. * *4 °»"lEl(202)fe (204) ^ **\% 

LED°14. »1 €^Hi^,^)±-fH LED^S) ufloli^ f-sfl ^^f - o)1d]e1S ^Ajsjc^ 0^4 = 

^7] e]H(209)^ ^li-fS #7] f-SLt- Sl4^ ^^^4. LED^ (202)^ °H^H ^7] ^lfsfe 
ofl^H ^7le)H(210)°11 3(211)3 #341 °H^H ^^Hf ^^4. 



£ 7tnr 33 ^<^li#3 ?H4i^H 7Hfe LED 3 ?1 ^?H3 * «o v 4 i D lE)(202)« -S^H* 

7fl^^.S. £A]*}-4. 3(202)^ *f - H 1^*4^(204)^ ^#3^ XI 4. 0 1S117}€ 

^7| Hi =(209)^ $ 3(202)* ^i^H ^.71 ^jft-4. 443 3(202)°iltfl?!: 0 B^H ^^-g: $°]o] £c 

(211)1- f-sH *S^^°1 *M elH(zi)*«-el*4. LED3(202)^*°J47l4^^ ;5 l°-S#^t!-^Efl# 

^4. ^ 1 S ^fl 2 3 7] hi h (21) 3 ^3-8: 3(202)* #sfl ^i^-3 ^43 <?] ^HtsiW. 



- 16 - 



^fls-s] =-2001 -0114224 



44 5 4^ 4# LED-8- 44*H 4^4^ 44 InGaN4 34 °m. LED^S (202) f 1 44 SEt o] 

423^ 34*11, 44#°i sw<Hfe $4 av^a^ ? ni^H m=# s^#4^(204) at °j*a 

£1 ?|i-fH #7l ElH(209)i ^44514 44 $14. 4?11*142l ^(202)S1 o|-g-£ ci ;fl°t^ ofl^H #7l 2] = (21 
0 )s] 44*11 2]*fl 4*)4t11 4*144. 



4«S ^44 LED^al *fl4 51 7ci 51#sH $14. *1 *H4 *A 1 LED*d (701)4 44*11*1 *l]*fli°ll € ?ti±4^ 
34 ^ ^JflH^f-iflS T»li£ #4-P-S 4^5H $14. *11 2 LED « (702)^ HlHi4 4*1)4 *fliiH #44 4 
442} £ig 0.3.^ 5H 34°-S 44£)°1 $14. LED(701, 702) *r #51 °\}^*} SE.tr 4^-°3. t^#^-^(20 
4)4 #43*1 $14. *1 4<!=H4 LED Jflifc-f-Hfe LED=S (702)2} <fli=o1| #7l#.os #43*1 $H Jflil o]* s. 
^ 14#4*11 (204)4 f-tfl ^^l-sl #e1elH(706)*ll #?1# 0.3. #43*1 #4. LED^ (702)3 °fliiH #4 SfliE. 
^ 4°H 4H(703)4 4*11 444 "ItH #71 2)H (707)41 #43*1 $14. LED^I (701)3 ?l&-fEfc 4*H * 
H(704)4 #4 #914 ?H4i-f^ #71 31 = (705)^0 #434 $14. 



*J33 £3. #4(708)4 LED^ (702) oil 314 LEDfl (701)4 44 #4* #£##4. 4711*143 LED°1) 4^4 # 
4» *ll*14^ £4# 34 John Roberts 3 1999, 10, 22°il 71144 44#4 444*1 44 ^ 09/425,792 

±<% ?iM3*i $14. 



a 4^ ^1W,s|?H (200)*H43 44*143 LED(202)-?- 44*4711(20401- 444^ #3 4 

#^144. *1# 3flH4 ^444¥ 443 4*1)4 44 47 r #*J #444 #7l #44 3*11 

LED 4 *1444;<114*H4 34* 4 44. ©I 43437 r *f. «]s alts 444 -g-g-cfl 4-8-44. *1 £ 

£^ #7lelHfe 14*4*1)4 #*J€ 4 $14. #44 #7l e]=4| cfl*v °fliiH ^ tD±4 = #44 4*13 
?M*M 4*13 ^ofl ^)«i|#4. #7i ^#o] led^I Hiloi^s. ^fe 7l ^^451^ 4°1Y 

41-4 «H°1^4 #4^#4 4H^- °14^^r 51 3i 4°1°1 ^-^^ ^"S #7l el = 4 7}^s\ ^^a}o]o]) 
4*rHl °14€^r 514. 



4el 44i^ led^4 H 3. ^7ia| o.s si^f o>^ ^>14Si 0 l #€4 f-*l] LEDi ^sfed] 4 
444. m^*-¥-4)^ cfl^^4 ^7^445 7l4i ^^4^ $14. «fl*#«H, ^44 ^Jf #4 ^14 °)14M#4 ^1* 
471 3«fl LEdS4 #7l 21^4 ^ Ss. <a^sl^ 014. 



4a^m flrH^I * ^4 i D l el (202)4 4°H €-£(211)4 «ii^7lfl«| Wis ^tt* 4fe ^Bs.si it £fe 
*l£-m. 444711 47141811, ^±Jfl (203)^1 ^-*4 #51*11 * 44 H D l el (202) i sl*fl 4*4 * 44^1 44^1 cfl 
«l ^^4714 4^44 44.^4^2] 4^)4 4|sil, ^«^°J ^ Jg 44 4^14 o.5mmH^. «>1» M. 

3L4-b 44*14*1 451*11 4 44 °1HeH Sjsfl 4*4 lOOnrn- 2000nmA>o]s1 °flu|4£l 44°H4 10%*1421 4*11 

44#* 44Mlfe ^fls.014. oi ^ oh^ai E ^ 7>4 344 4s, 4el€ a& o}Hlo) St: £444. 

q)43 o-s, aia*i]^ o}3|, 4e144^°lS, COC44 44 4b1 £fe 171-^4 ^l^t £444. 4£*fl^ 44 4 
£°1]4 °^*11 «°J J4fi.» £44 nr $14. B|£*fl^ Nitto DenkoS-f-E] ^^^^$1^ NT 300H4 44 $ 
% 4^#, 3)£*fl 44 4H 2^ 4f- 4£-^S Ai3j-s><^ zl4 *1el, ^-7^ 44*1 el. ^44*1e1 ^ 4 
*13S ^l]ol w*1els *1h1£|^ 714^S4 £444. 34 4£*11^ 44^-S4e1 ^^14^ $14(44; EopyTechn 
ology of Billerica, Massacchusetts, from Nltto Denko American, Inc., of Fremont, from Dexter Electronic 
Materials of Industry, CA.). 



s)£*ll (203)4 3fl7l #(20004 42 °1*11# 44£r3) °lfe #7) £1^(205), °J4#4a11 (204), <H1 «l &1 (202) ^ 
#51 #4 4*1*1(211)21 44» £444. sl£*H(203)tr ^4 E) (202)4 Si *1H ^#4711(204) S S)H(205) 

# S^cfl c]^ sis*ll2l ^ Hi^r «fl44 44471 2)^1 9J4#(204) 5 elH(204)2l 444 «1444. 



^•7flss] S-2001 - 01 14224 



4£3l(203)fe 444 (202)»ll 4^ 4#4 44 4<9 S4 £fe ^§4?] 44^4 3134^ 5SU 4^ 

#431(204)4 £4°)1 4*1) 4444. °)ll-44, 44 4§ S^R}, 44, 44^ 7>4 4444 £444. 

(200)7} 444 o)]n]E] ( 2 02)# £44fe 3-f , 4£31(2030^r 3)444 4444 £4* 31?44. 

4£31(203)*r 444 4 44, °11444 ast 313-4^ 4444 444^. 4H(505)4 44 44 3431, 

4^3)1 H (5020, :$!£. 444(211), 4^444, 444 S 4±^4, 44^4, Efe 44 ^4 ^7l, -§-31 It*, 

330] iAVo.s.ojev #7j£^-°-3444 !^«4M) (204)4 444H(205)4 444 o_3. 444 44. 

4£31(203)tt 44 3I344. 4£3)(203)fe £4 4 44 (200) 4 44 (200) 4 7l 7fl^<Jl ^ £c 442 

4* 444rr 3)^44. 4£31(203)4 44 44, 444«ti, 44 <S4*#7l4 4£ oi^jtf i^o)] tflsfl 

Jf4444 «a*1^8F7lfl*|| 31444. 

££314 4±4-H, 4£314 44 44 #71-444 4£314 14£5l-l 44471 4*11. 4£3I 

(203)4 44 iXHi- £444. 4-8-3 fe 44 444 4 4444 4^4 441 4444 4Jl4°11 4± 4^44. 

4£31 4 °1144 4°J4 ^-^-avoi ^^ 7 ^§>7l4 4444 44, 44 444 44 4^4, ^4 44, £4 444 
44S. ^-o- ££fe 4£3H414 1-^44 44 4444 iH!* 444^ 4£31 (203)S44 21 4-43. 

#444 44 4 44. <>1 * 4444 4-S* 4^ 4444 44 fla^TiOz. 44, Nb 2 o 3 , 444£h «■ 

4^4 £444. 5|43)£4: 4^ 4431, 2)i 70%4 €31 4£31 (203)4 4^4 fl4£44 10% - 30%4 4 7 \ 4 

44444. 

4£31 * °)144 444 * 444 44444 4fe £ t^Rr, 447]- 31S.444 44 ± 15%44 
t2 4£sflsi #^-g:4 °J*14fe 7>fe 34 sBa4 -^4 ^Hs afe ^1-1-4^ Sl4fe 4-1: 434534. 4 

^/.j^ofl^, sja 9J^1 <ait ^31 si £31 4 4^4 4 25%s 4°la# SiO 2 U 1^* £^44. ifl 0 J:^ 
tt^^lafe H4 4 (2020ofl m ^4 44iL4 4£ 4t "B^s ^4=14 S14. °1 

°)14, 4t ^4^ 4S3H1 ^4#* 444fet-ll l-fi-44 8^* t 514. 4t °J4 43^ 4^ 
5>4^ui 4£31 (203)4 l^i- % t 44?lfe 44* £444. 



Bla3|(203)£ 44°144 4^-4 °144 4^* £44^01, ^ 7 \s\ 7flsfe 431 4^31 4^4 4 €-4 ^44-2 4 
^4 71^-4 44* 31-^44. ^^l-^. 43^ " glob top" 4 4£ ^se«^ 4*1 V ^4 °fl °1 4 (20204 4°14h 
(2110°)! 4^1 4*14<H 44. °1*14 4444 ii=5))i 44 4^ 4^^^ 4^444t11 4444 ±44 44^21 
^ 444^ ilflli 444 44 °11 B 14 (202) 4 4 6 1°1 4H(2ll)# 444^ 444 44. 

°)1#44 44 44 4444 i<=«Hli 44 44°)1 ^^4^ ±44 <AA 44^1 ^4 ^44 4314 3144^ 
444^(205)* 444^1, 4£31 44 °|b1e1 (202)# 444^3- 444ai i^E) (202)3.44 4#4 44 °)14 
44 °14 4 44« 313-44. 



4£31 4 °11d14 4°J4 4 44°1 ^44^ 444 4444 7^4, isefli 44 44^- i 4 4 (202)344 44 
4A>g^ ^-43)# £444. 44 £44^ 44 444i44 444 4£314 i^i 44 4 44°114 4 4 
444 3134^ ^4 444 4#444 4 4fl 31444 4j1 4* °)14434444 544fe 444 4 444 4 
4 4^ 4443.44 ^44 4^1- 4444 °1144 (202)^44 44 444^-3 4§4fe 44* 444. iSSli 
44 44 44 ^44 4^4, 3L-§-^ , S4 444 4°d 4431 °)| 44 44 4± £^ &] f-^44 

7j-o- w}^-3|tv 5Aj| q-Efifl^ s].3(-^s.44 444 #444 4fe 31^.4^ 44. 



41- 4444 4^4 4444 44 7|a^ Ti02, 44, Nb E 0 5 . ai 2 0 3 4 444h4444 £44^ 44. 4 
4 3U^ ^4°)! 431 4^44 70%44 444-r 444 71-4 4444 >S4fe io%-30%44. 
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^■7fls.*j #2001 -0114224 



ij=5fli ^SMNM*! o]-§-£|fe 315)^ 4°H£E ^pj ^ d££ ^ oj^ 4°M£Hir A 

■f £€i# £fe 443 ^^oi4. ^o]| sa<H-H^ 4°H£ = 2l 4$ *7l- 

led $ (202) 4H UMBS € * ^-7H°i si* ^ f-4*H ^#^11(204) 41 51^4. 

S£ LED^4| sa«*1^. tt* P-N^£ GaAs4 fe£ 134* 7>^ 7]^^^^ ^£4. nj-ej-^, ^H?lli & 

* 1* 1^*^11(204)41 i^*}7)^8ll ^^oflAi gvfl^ ^-7^01 <gf-S. fe 0,1 DjE)^ ^^4. 



2 4*4M«W<*). £*H sl£*)| (203)4 ^3^*^ 4 ?<g34. £ 841 Ea]^o] ojs ol _ ^ 

314 All 1**(801)* 443 &7] 3H(205)4 ££4^ IsM- Sfe ^^SU 1 ^#4*1) (204)41 

ifl* 3*H1 ^7l5lH(205)l- **I4?!4. 

°1 * 1*** LED3(£<H SI-S"), 341 3*3 4°H ^H(^o^ ^o] ^tV Jfeo,] 711(204) 3 

4 Til* S3&tt4. 444, °1# fls-c 3is4#4 *#*H ^434 *A7i- §14. tf) £*ll(203) 

4 2 ^-g:(804)£ f-^Sl-TlM- h>^*]-J1 LED3 S 443 g-E-f- §*r4. 

* {i*|<Wfe, 4i*flfe 4^4 3)£(203)-°r IM*^ Sl4. 4£ff-°l, 3^ JflaJHIfe H4 

4i*H>iL4 7 1t113 ola. s*«M 6 ls 13 £jz -§--§-51 254413 ^3 333E3-3-& *l|^4. 

ol -i A H1 °ll A 1 , 3 — #¥^4 4i*l)3 -f<r4 *M£ 43 # *#43 4*fl LEDS-^-3 4*3 #4|ifl4 4144 
3 3 *J4£4. 

£ 4= ^ahh^ <*jg. fe 4£*||4 Hfi JMM €4434 £#401 334 £ oj # £3^34 ijj-aj. 4| n] 3 oj| 
4*11 W^U 43^3 #34 iai|H^-fr £344. 434 3^°fl oj sfe ^ m ^ 

^H^3iS 3«13SI # f-^ 9J BE^ ^^a. 



E 2* fl-itfl-'fl. <H| 4 3 (202)41 3*J Bli^l^(203a)# *«| "1*4^ AS t# 

Al?J4. ^(203a)fe i 241 £*1SW Sfl*<>l sg^iS ^^5,^4 ^^0.3. Hj-^jg ^ ig-Afs] 4t3* hJ-# 3fl^oi| 

44 a 441^ 401s «*isi5a*«l *4 ^ f Efl* m^r W. vs.* % »J-4 41 

^cfl ^1 44 ^43 is 7lltS|<H4 4fe ^s^i sll^AS ***4fe 5! ol 4. 4 

# ^#fSV7l S)S«0 ^^r H 9a41 jft^ol «e|'i &*3. 44\tx°l, i# Al§ 7 ], £ 9d4] £A] 

51 °1 °i7? 0 l ^ 2-*c A )^7l, £ 9b4) 7i^«S £A]S|<H oj = 0 l T IR, ^- i^, HOE^^-S 

7J Jf. B 0 U>-&. Al§7lS ^ 0)4, £ 9c 4l iAjfilOl Oj = ol ^, 

sfloiziail^ ^^i^^Hfl^ «Nj.jfls. 7l§* i>4. 4-344^ *^ *2(40i)(£4)fe 4^3t> i** fl 

n t# ^7J*>4 3(301)(£ 3)4 71 «t4. 



^^4 414^ 5fl?14* ^1^4^ a o Vi a-a: £2-4 5 5- 10- 13-1: #^5.4^4 544. 

2lHHell°J (1 101) (i 11)^1 ^Aj^ £ 12a 4| HA1514 jfl^ol #^(1200)31 Efe «o£^e| ^^4. 

^E^( 12 oo)^r ^-^(1202) 5 ^7]* J?-*(1201)-a- if"4fe ^4 4t344. °1 g}=^ ^7le]H 

si ^aj^ oj^3^s oi-g-si a Jf££ "B^*^* «^*7iflfl| Maiia 01^4. i S?(1 

200)^1 4^°1 E 12b°H EAlSlo] 0J4 ^-^(^Ql, 1202)s) 4-f 4^1 Mis %^^4. 
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^fls-S} #2001 -0114224 



o(|#14, ZH$:*T-m ^^S=eH ^ms] 4 a l* S«fl #44. E 12b°fl £<MSM 'Sfl£«l. ^ 

^l o]Bi*> O.S.-?-B) o>7l«Ch tfl^aj O-Sfe. 4°14 ^4 i 

2=^4 £ l2c°1H 4*11 £*1H(1203)°IH 3444. 2?liE(1203)4 43 2]*fl W%jL, 

^M*H4 S°JJ= (1203)2] Jr?(4o|i| %o]±r 



^£ ^#-^-(1201)4 §}4 ^4(1202)-cr 4°J4 4^a| ^jL^ o^q.. e|t«o), g)=£ (1 

2020^ ^^"H ¥ 9|* ^4^(1202)4 4°-5L $iI4. £* ^4^(1202. 1201)d 314 

^*l£LSl a]** 4^34*144 aej }J4 <>M4. ^7) ^H(205)3l <* 34t #7] ^JEJflfe g]=4 ? 

^(1202)°11 « ol-g-Sjjl <i^*^7.fl (204)2] ^ofl 344 41^) £ #714 #3^(1201) 

°fl <M °l-8-« ^ $14. 4*14°-S. tt 34 ^ ^J=^(i200)4 4 7fl£] 4°1$ « «^ 3 

-S--b £4. ^##7-114 444 ^Tfls) ^71 e|E-& £44fe 3 £=^4 Hfl 51 ^4141^1 flo^ 34 

51 H (205) ^ Its.* # ofl n] 3 (202) sL^-E] <S A *1 2] *#4 °J4 f ^ 4*1 &^r4. £ 16 - 19, 21 £ 

23^] £*14 seq- -SAlcflsl tMS* 4<>147fl -gt^l 2]*fl ^# (1200)4 4# #^14 ¥ A°\W 4 

ft* Si4. 34 ff«*M4 <S3*Hr 4?fl2] 44°]^ ^4 S 4^4 «144 t^st^ ^ 

4^1! (1200)^ ^-fre-*^ 434 *H] <&nm s^isnos^fe?!*] 47144. 



^m^(l200)^-S ElH = Efl<as) ^# 401 ^bh^ a - s.^^,^ ^#4. o^e]^ ejc 

a.?. 4^4 ^-Sr Tj-f "a^a] ^-^ iS^(1200)* ^ = = sfl , a(201)(E 13)21 4t^l«- ^^S. 

^^?V4. 4M3= MS-^qSLS. «-el*FjL«si« b|h(210)* < B^#4^ (204)4 *^4fe 5^ 

^ ^7ls)H(209, 210)^1 ^171^4. Et, **V7l « (301)ds ^« , ^f-^^o] «a^S) il 

^(120003] ^* ^#Jf-£(I201)4| ^ Sl4. 



31 — (2010^1 ^^a]^}, o^e^ ^014(303)7} elH=e|)<a (201)°1) ^Tfls)^ ^7) s^(209, 210)4 1^*^ 

^(204)# 7|7i)2j^^ %4t*}sl $W V*\sh 4* a^ofl Aj-^ajoj ^^ji ^i§4. 4°)4(303)fe °W a) 
s»a«fl(20i0* -Ha ^^4£# 4^iHr 5U4. <^]^^ tBtf-fl-ti-* €^^^a -g-^147fl «l 

«a«sl el = = a(ti(201)«1 (1200)4 nUi**. ol# s]— <^e| M*l £r ^^o_s_ 

^ Efe ^^-(11020€^ Sl-^^i *-*3^j1. *^<>1 #^3°] t4s]Ji4 iJl^^ol ^1^-4 

4. ^34, ^44^, °1£^2] £^ e1^ = eil°J2l UMi* ^ 5U4. 



^ESfl t ^4 & HnlE](l-(202)fe °1« 414 LED^ °1 ^fifl^l^i o) fe 4-g-H 0 VA] o. s H?ll o j5lH(303)i *1*144. 

4**7lSt, £ 13°1)iA)5lo1 81*01 4°14(303)oil 4*« ^-44 5lH=6j1^j2l is^^^o] tfl^a^o,! 0] -g- 

^4. 40] ^av#o)) ^ £ o1|S.Al 4# ^HS.^LED «(#)ol -a^#^-7flol] i^H^ «jA>^(301)iAi ^45] 

-f^^l fl^** 7-11(204) °fl (1103)44. LED^ («)<>1 44 4^ 4°1 4^1^^ 4°1 (1104)1- ol-g-SM 40] 

^4711^^11 4^^)4711 3*1*4. 4°1^47ls^ 44 ^1-8-sl^ 4^°11 slsfl ^5144. 



LED4°1 (202)7} 1^*47)1 (204) i ^-44^, 4°1 ^-H(H05)^ LED4ol2] z}-3i]H£^-El ^7)51^^ ^ 

^44. 4°H ^7lelH4^4<>H2l* ^#41 ^44 «>1*^ ol^^ ^lfe ^ «1 4^-^44. ^i4. 1HH 
* £fe 4^ 4°1 °1 7fls.5l i44 floi^i^4 ^ tflojal ^471^4 °144-& 3144. 

214 (ol s] ^31, Jj-Aj-xi «.a_v^ ©l^sjol^o) 7.}^ ^^-ofl, ^(H07)4 LED^(l-)4 4<>H£Hofl Jftt 
£1^(1107044 ^ 7Hsi rflfc 4^°H2i^ ^a]^4. 
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^7fll|sl ^-2001 -0114224 



4-S-, 4*(<?!2} 14^31 )-fr*H^r si £31 (203)^1^3(1-) (202) 4 ^«1<H€-E.(21 1)* f^SM 

#7l 5^(205) 4 «^*^^(204)* Sl<H tf^tM&l 33. £4.*^ ?m 7l 

*#«4. 

^531(203)£^^,£<!!,3]4, <r*l °J*U^f 4 2^^^1711 °j5l£°H s)8fl ^ 

(1108)i m *4j€4. 

-U«*18|7} 4^3^. EW4(303)£ 3lH=^^o.S^ 3171 El^ ^71 3lH(205)*€7l^o.S*S!^jiL-Ha* 
*el*4. i^la ^-S-ajAS $3**1 ol 4°144 #7l ElH(205) 1^*^(204)^ 4°l 

4(303) as ^Hsi^ 4o| ^ 7 m -t^^s °H?H#°fl ^*l7> ah^ 4*(ii09H si<u iHRVch 

£%4^r Al^Eflo, ^ 2,6,1 -g-oj^Tll ol-g-sq^ 4*1 *1 nasi a]* ^f-*M *?V* § £3(1110) 

<WRr 4421 #*|* -^44^ 3W4. eflo] n $ ^ o. s ^3 «j 

US 34 2:^31 ®% K^^S. W% 7}^ ajoj afe ap, <Q^oi -g-ols^i svcf. E flo]^ 

^ o.s 4*m aim^Rf 4*<h -iHM*i X14. 

a. oj-g-^ £a]^ ^H<i) ofl^ 40.4 3-4, 



#7l 5lH(205)fe °1M e)HHzfl o J(201) 3)5.31(203)^ ^O-S-JfE] <g4*l 37l|2l 2] = (205)4 £tfl#°- 
S-?- El -a^H 21 £31 (203) 41 m#€ , a^#-¥- 711(204)51 $14. «1 t^S £3 S 

£4«l SAlsjol 544. x]*\) <g ^f-^31 (204) ZJ°17V 13mm°lal *M7} 1.35mm*! ^44^^14. I^t^*^ Jf 
31531(203) °-£^E) emmgtfsH 511-31 #°1 ll mm °14. *) 3 o] 2 mm°J ^ * 5.^*4. ^IS.31 

(203)°)1 3\n iH£ 4°W fc^M^oi 8mm oi m # Z jA>q-^oiji elHo)]^ 7}444£ <g**JM3 #0. 

SEl 2mm* ilSlr 3(301)* 5.^*4. 3 £ # 6 1 0.64m m ol31 *fto}^°\ Qo]7\ 1.3mm<>U 0)7} 0.88m 
m 0 J 4^^M4. 3321 3£ 44^3- 32,6£ «>l**i*. 



£7lelH(205)^ <4|#*<H S 4 °J3l7m 7fli^H £7lelH(209)4 S^AS 4H^1 ¥ 7)) 

si e):= (210) 7)- £31*14. el^^ e)H7> il^iS a]o|^ ^^^s^-b) elH7^ 3]3L3H t^7^ ^as 

^ 0.15mm ^47l # 0.87mm 4 S«l ^ 9mm °14. el^(205)4 ^^#^7)1^ azj-«q 4 
U«4. £31 a; = « ell ^(2010* HI 31 44# 5=^.2.3. sl^44. 



^ 7flSl aj^-i^ LED oH°lEl7> oH ol| ^ 01^.^4. 4451 6ls <Hln|e]^ 615mnl 2l ^fe G 

aAstfl^#fl^l AlInGaP LED 4°1^ 3.7)7} .016mm^^7l ,016mm 2) °<J ^1^^ 4 0 1 (202)fe Dimat, M 

assachusettsS^El =r Sife ^£ 4°1 °W 6030 HK* A}-g-c><^ fl( 30 l)al mH^o^ ?j^#^31 

(204)°11 ^-4S4. 3#-°r *8= 4ol 21 7H^-fHl- Qj*)l ?l)4i-0-H H (209) oil #713 0.3. 

4olY^l-(505)* f-*ll of ofDl^l 40I (202)21 ulHi^ ^AJ^4. 



4401 401*1 4V«^oi ^ ^4 3)1^(502)^ 442) 40HI iflfc ofl^c *ol*V7fl *>4. .003m m ^7j2l oj 

^i-fe- 1% ^eis sj-oHfi. 47H 40H 7 i-4 7>4-5r ^d7l elH( 2 io)^l tfl^ 44°1 4^121 <flt = 

1- ^^4^ 4°H ?l^l f ^*4. 
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2H*W 3^3 ^$ oj-g-SH 3 Si 3iM33 3^34. Epoxy Technology, Inc-.S^-E] £4 4 Slfe a 

4 £3 343 301 -2FL4 «3 4434 S 4°-sL 3? 33 3344. 443 3£33 *§4<>1 £ 3 

6)1 £333 jftt).. 3£3fe 10mm 4 443 9 mm £3 3.8mm3 4443 44* * 3 44. 

334 Jfla(401)4 344W4* 334al 333 §34* 4:n SIA^ 713 41-433 2.5mm3n 433 33 
5.0mm3 43 £4433. 3^3 34S43 333 #+3.$ 33^ 34 4.9mm34. 



4*13 344 33443 444 4 71)3 44£ 44* 3443 4 33 4<S 3££ 43el£3 <U7>43 4^4 
4. 1043 4^ 343 443 3 43 444 144 Its 47] 3^(210)433 34^- 43*13*1 443 33 
4(202)4 43 4434 #4* 4^44. 443 43 44^ 4£ H 44 #4 7)]£4£ 33 4?1 3£(209)°)1 
4433 44. 4^4 347>44 4f 3#3 4^ 444 43 LEd3 ^34 3hs}3 443 44 443 44 4 
33 £ 143 £33*1 34. £433 5rt*3 4 4^4 4*8 3# 4*1 43s343# £.3 4 4£3 4£33. 



£ 141- 4244, 43*114 4 34, 3 £43 43 44fe 433 ^44°il 44 334! 3333 43 ^i£3I4 
4 4434. 43 433 £44 3e 333-b 44433 4£3 4 44 3333 33 *i 4343* 44vS4. 

4 34. 3 £43 £34 44 44-b 3^33* 34 4 20nW33 ^4444. £4, 43*114 4 34 
#ifl 44 434 , «HI4 433 3i4 543 443 3444 43343s 434 43, H ^§ 3 3 D344 3? 
3 33fe 43133 33434 3i:#3H 433 343^1 431- <S 4443 33 £4 4 34344 3443 °J 
33^ 7l* s&fe 3£3a3 7>gf) ^34£ 344 47)13 433 rfl «fl 3 i60mW 4 90mWS. £333 $14. 4^ 
3£S, 443 433 43 443 3 344^-4 ^34 4£3 4 44 3333 43 43: 43 43£S, 434 
43 43 443 4 75%4 4f-4tr 434 44^ 4444. 



£ 143 £334 433 343, 3 43 4H 43 tt34 44 4 l40mW 3 675mW34. £34 34 444 3 
£ ^'3 £3 3 300 £ C/W3 ^3 4 43 433 344 4fe 434 <&mn 4 2.i4£ $44 34* 4fe 33 
3# Ifsfr 433 33 3 65m A ^ 3 300mA3 43 44 443 4444. 

4£*H 44 333 333^ 4 433 33 S ^433 9!3 43 ^A43 4334 3^£33, 333 3£3 4 
4S 4^33 44. 3^# 33 333 ^44 3#343 44 4 43fe 4 !50mW- 4 300mW3 Hfl, 3 44 
343^fe 4 600mW-4 800mW 3 33 43 43 444 4^3 3H ^8a4 343 33 3 l.OmW- i.5mW4 
44f3. 

4 ^333 £44 3 #3 34 4 43 tt ^^as^ ^ 2 oo£ C/W-4 250£ CAV, 3 44343Sb 4 100£ 
C/W-dir 25£ CAV343 ^3^3 4344 443^ 33 44344. 

333 £44 3^3 34 41-33^ 4343 4*4 m 4^4 43^ 3 l44i-4 2.544i34, 3443 
43S^ 4.0-6.04^^3 44i#3^# 444fe 33 44343 10.044^34* 4*44 $14. 

34 433 



4-943 Jiel3, 4 43^-3 §4 33 4^4 4337} ^3 34€ 333 71-^-44^ 34 44 $14. 4^3 33 
3£(205)t- 3^4-5.^3, 434 3£ HiH ^34 344ai 33 S33 4^ 333(202)1- 344^ 3£3 4 
^(203)4 3^4°-S3 4 4^4 43£43 43,4£43 433 3444 $1^4443 43 £fe fi444 
433 344 4 Sl£4 4^33 $14. £ 44 4334 4 433 4434 33 3^ E J ^ 2^03 ^ 

3 ^44334. 31-433^ 4« 3£3 7^*} 34 434* 443^ 333 343 434 34 43^ 4 
^-33 rto] £ x| ^ ^ AS ^333 433 44. 
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S. 16a^ 4*11(204)3 4tfi#A.S.^3 Jf7[|3 333E7} <S44 43i# 51344. 443 #7l 3^(209) 

«HH^#^- 3(204) 3 7]$]7]SLS.^ 433-5-3.^44 °J^|5) ^7lE]H ^tiJ:^, tfl4*Kr #7le|H(210)v 
4<S 333^34. ^ 7 )lfi] LED3 (202)4 433 "113^3 334 443 4<>1 (202)3 3^4-H4 1*1)3 £33^ 
(209)43 3 33 ^44 ^4fe l^f^M (204)3 i'flflJa ^(301)33 ^433 5£4. 4 43(2020^ £3 
t^^S 2^33 443 °12S.7> 333 4^(2110* 3443 ^14 1£ 433£(210)3 333^3. 

33 °J4. 51 16bfei 16a3 E34 e]HZ.efl33 £3 1 34 3^*1) (203)* 51344. 3333 &*3, 3^(2 
09, 210)^ 3i3 (203)3 434 o. s h.^ £4sH $J,oo}, <a^#^-7.)l (204) 3^(209, 210)°1 344 43 <r 

34 ¥7flS] tfl$4H 3 433 Xl4. 



4-§^ 3^£(1601)£ 1 ^# 43 (204) 4 a|£J| o)| $7)143 4* 4°d 43« 3 443 44* 4343 44. 
«as(401)£ 14*43(204)3 ^ (301)^^1 f3d4 1- 3^3(203)3 $7])43 LED 3 (202) .3. -t- 3 4#4fe 4 

c, J^O] Al^-g- a) ^4. 



E. 164 444 ^33fe £ 17a, 17b, 17c33 37113 E3°-5. E333 $14. °1 tf*H«H. 47)13 43 3E7V 2 
711343 3433 0^4 #713^(205)^ 90S 4433 34. 3 43£r 33)3^- 3^33 44 

3si^ 4^333 5tU 4* 343 #43 «ja}*4. ^€ = ££(1701)4 ^(401)3 444 3s.3#3 ^343 

3 71^3 ^14 13* 3344. ^§43^3, 43£ 3S-343 44 344. ol ^Aj£ A)^^ 

3 $3.7] 43 44 ¥44^3 l.M-4. 



£ 183 sa*«>i £tfl44-<>-£ 3*=(205)# 443fe 34 443 443 3^343 33^43 133^ 

oj^V^o) oJh s.^ ^Aj-f, 40^4. £ 17c°H3 4333 nfl3.5l3 51333 4*3, 14#43(204)-b ¥33 4 

3 3£3)s.-f3 3433 ?vU 13 44433*1] § jc* S434 334fc 3S*11 (203)3 «fl^* *«( ^#3ol 

sa4. 

«H^lr3^ 19a « 19b°1] EA13-H SI4. 

1^#¥^(204)c £ 16 ^ E 17°l E^l^ ^*H3 -fr4«f7fl EA]5]<H JJ4. ^34 3(301)£ 37H3 °11 1 °131- 
i^sfE^ ^tfl3°1 5A4. *7l elHr ^7)3E(210)3 3^1 ?1^3s. 3^a^43 3 = # «-«fl °113 
3^1 3^fe 13** 33s f4. 



44^ ^o]^ 7fli^-Hoii ^71 4°13 BMI^t m 3-f-3 3feci 3* ^3-8: 433 £^(1905) S 
^7l3H(i90i)* *4 1^#^7lHl ^3 a 37113^^ ^344. 433 43(1909, 1910, 1911)3 its. 
^ 333 #^.(1906, 1907, 1908) ^ 333^(1902, 1903, 1904)1- *«H 3^3 ^14. 433e^ flS7l*H 
tfl« ^3* E ai^ ^^33 $14, 3^3 (203)£ « (30i)fl«1 3^ ^ A J4 «a(40 

3E =el3(201)* Sfe4. 1 ^t-?-^ (204)^ 35^13 =7)13 ^ frfi.s 3^33 saa Hfl3^-S.-f3 E 
#33 S14. 3 , 37B3 4 3(1909, 1910 ^ 1911)3 q^=L ^34^* 44 <tH4^r ^¥ ^3 

^nls] tfl^ 6 i^4 443 40)^) 4| $ 4Ajj jf.^. ^ i-A4^43 £ «^e| ^ tg^Q %$\ 

^<S€ 333^(1902, 1903, 1904)1- f-«fl =-43«-£ ^11344. ^-333 9J53, 3 3, *l 5 ^-33 
4^34 £43 4* 4^54^3 ^ 5514. 433, 3i3 43^ 4434 33 ##4 4* 3-8-t 

5a4. 334 3^ £342 Efe 34 ^43-S- afe 444 4±3 3-8-4^ TV^3?i33 ^-3 4-8-44. 
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£20^ 31 E. (205)7} %*$%2\ oJ^H 0 v*j=o. S «E] 90 £ 142 ^J-fr 444^1 ^£*V i 34 €*H4 4444. 6 1 
4#?r el£ iffln «a= *4 ?^°1M 4*14 o|-§-& *H4^4. a ^114 £a)s] o1g*14. e]H(205) 

^£^4 2^*4*14714*11 £194 312=4*4*4. 

£ ZH 5144 ^MHH, ^ 7 fl4 *144 443)S.fe 43L4(203)4 ^^.S^M g#sw 5a a. 1^*-¥-4(204) 

HVrflao. s .a E | c^s)^ ^ 3 ^^)sj ^7] ^H(209)^ 1^f^4 (204)3- -fE] <S44°1 o}t}. 

4(204)4 144 4.7lel£(209)4°14 SlSfe 42i*)l (203)4 *<*M 1H$4. 4 ^Hrr 447} 4*14 ^7fl 
444 ^£3.^4 4*fl WmXtfr 4414, -g-8-fr fl* 444. 

£ 22i 5144 -^Hl-b 44 44* €«*7] 4)4 «a*f~>M(204) Sit 3 = (205)41 4 € 51*1 1>4. 



^(2202)^ 44* 4444 1^1^ 7-11(204)4 £43* f^444 3. 141* ^71444*11 1^#44 (204) i 
< a^#^-^(204)i 4*114. 4(2201)£ 1^# 44(204)4 £44* f^r4?14. Efla (2204)-c 1^» 

^3^4 4444 (204)4 *34 371**7} a] 7J4. olt-^tLfcaa* 0 ^ 4 ££31 6 J (201)* *44^r 31 
444 444(303)4^ 514. 4£(205)°114 S<S44 »i£(2203)* 4^7} ej= (205)4 4 £*fl (203)4 

oH 4£s> ijLeJiSH o^aj 7 >£S. 44. 



4*3 o.s, i^jH£H(i70i)^ 44 fe°Hl^ ^44* 144:a 444^r 434444 44 £444 *M4* 
14*Hr 44* 44. 

51 23£4 5l4<>1]4 4^*44(20407} 44^44^ 4£*11 (203)4 Bfl4* -f-*1144 ic#« 3* *H44±I 51 17 
4 *4t £ 4^ 4*134 ^3*514 44. 



51 241- 4244, 4 1^4 *.2-4 434 44 Hife ¥4 4=4^(2402)* sfl 4 4 (200) °fl 4444 444:* 4 

^l^i 3^-4 #£.sv >k«* ^344. 4 444 i^mm ijw ^ *is A Ja# ^ ^4 ^ ^ 

4 4^4 ^7}*>fe 74014. Jf7}^o.S, SS* f=7H?l^ €(2404)* 2fS}c^^3n 4^143 

-g^^M ^.ai-sife Tg-f, os^l f4t ^^«j£S t^l^lfe $4. °1 -8-§-^l *1 

ie^fife- Aavid Thermal Product, Inc of NConcord, New Hampshire.S.-f ^ ^ $14. sfl^^H Cfi* *lJ= ^ 
34 ^71-fe 4 505^1 A>4 33 #3 f-71-4^14 Peltier 44* 7l£oiiL?!- g^7l Se)4 ¥51 ^7} n| 

44^-si oi-g-^ Aj^igsi 7j-i| a 7 }t ^ $14. 4*1, si 3<H1 5143 £ 1^4 « #7l #el4 ^ 

4* ^ Sl^ £#sl «a^*^4 €- tf¥4. * 51^4, 134 ^Eife sfl^^H ^44<H ^^^1 ^ 
i 1?i7l ^ei°i -tei^o] i^i^H ^2]£S. ^444.€el4 4^-#^ ^ 4s -Sa 4^ 1 -8-^ 



1^7] f-el Aj-olsl- #^47} ol-§-134£, P ^ NAS. Telluride cl^H4 4e1M* ^7)fo £ 

4 laj^A^ ^«4. i£4€-P^N4°l 71- 44^14 4^a^4fil tttt s?1 °l 4sll ^1s44^^-S 
^^slnj, ^|efBi 4sii<hi sisfl ^is <g^jo S ^^^4. 3^.4 401^ 44^21 ^7fl^q 44°H 

47l?b4. °1 »o^£^ 1471 4£ ^^e](CPU)4 37l±4^1 ^4°fl f-^^^s 4-8-€4. 1 4^1 S 

31^ 4*°114 ^°144(4-8-; Advanced Thermoleelectic Products, Inc. of Nashua, New Hampshire). 



°1*R>^ 5^ ¥^ *ls H3.<% 1^# ^XI4 H4^4 1 Tl-fiS* 4714*11, «^4 S- 4# ^4i 

1^# -¥414 tt^i ^-44714 ^-7 r ^<?l 4S ^3, £^ l^o.s^*«|-fe *ls ^'2 €t#* 1ft 
4. 4^* 171*^ 41 BLS= 4 Hife 315114 iEfl# #|4ji ^44^44 «Jtt4 1>4. °1?1* #4 ^-7}^ 4^1 
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s <« 3*Ht 3^-4 <a m m ^ <a *a*l. se^ 43 #*i 34x1* ^*4^ ji^piissi f ^i- 

#14^ 3-941, -M-HM 4*1* 3*4*1 2^°i| -g-g-^m^W 4*1X|£aH #4 ^*}a|6l 

71 ¥ S -»«>1* 3*11*1 ^7fl0l^ H>£^1 # «M oflplElf- 7Wfe ¥7fl^l^5l ^BjH* ^=H1 tfl 31*$ ^4 

^. J] ^Bj ^ ^ a. HV^] 2 ^ ?1 aA]S . o|-§-7} 

44?11 t>4. 



o> «lci?|olElsafe ^S-S- "-Wa^iLsL «Hi4oH $14. 



«JH 2^71 *)aH°] 4 1 B^d°M, 4*ltr inlElS 4^3 4a]# L ED^ * JE^H 44°14sl LED^Hl 3 
«fl 4^3 « 4°) 21 4€- LEDf i 51 4 iJ-fcsW 44 £44 a l Turnbull^ XI 5, 803, 5793^ 7}£ 

<H 44 4^3 SH^-i- 3 ^£4. 9 580-610nm4°]fil 3)3 4# 44* LED^°1 4 480-510nm4 
3)3 4t 4** 4tt LED ^4 #S*H ol-g-SM °1*14 ol?! iL^r ^4 ^i*4* ^344. «1 4^ ^aj^ 

4^$*4 ^S4I tfl«i] ^s] ^71 ^4 £ 7c<Hl SAis)^ oj-oi, ^io)| ^fl ^4=) «l^a«Sal 45= 18 
4j*£7> 0J33 ^sxi*J-( 7 08)Sl St* 244^ 5l^-S)S(HAl5]x| $*)* 7^§H *d7le}H(705, 7060* *«fl 
^ 4<M# 4sl 7H>* XIX4-2-SL*! 2:4«*r S14. 



«|4 ^^71 ^aH^I ^1 2 «13H Si^Ai, x^Alb oflnlElS 4^M 7>a)^ LED^* 3L^4°1 44°1^ LE 

D^ofl ^1 «fl ^-^1 f-A>5]i ^. 7 fl5l 4#LEd^i^Sfl ^A>^ ^^-*>7)] £] o] RGB 4 ^ 3^1 Ji 

^ %^«-4. °1 ^ A ^2l tfSlfc «J!^^4 7 J-& <>li!0«>H 0 l-&-5l7l4 ^ 2]^ a]o> oici^oiEl 

o)|A1 ^ olcl^OlEloDAiD). o]-g-^4. 37l]2l 3f= - 7 )) 7 |- Aj-^ol, Ai^ofl t^«(| tiJ-^£ ^7l^Aj^- 7^]jl £ 7c o| S. 
AlSl^l SJ^O], ^c|A) ^71 a) O.S. Wtt. #$3H* f-Al-4 B Jj^2^5] QS. ^ Ajj ^£71 ^S]S1 ^£ Ai^( 70 8) 
SI St* 2:«47m ££*1*8-* ^17143. iil^-flS(EAl^) ?>*)-§ ^*4°1 ^7l5lH(705, 706)* #?i Aj-Efl 



«J)^| 2^7) 4 ah 4 »| 3»1^^ 5a«H-M. ^ sliE^iflofl 4*^ «^>fl(«#<il, ^^<^s « S^i-^) 

4 ^^S}o^ 0,1 nl ElS 550nmOl42l « 0 >#* 4?1 *F4<>1*^ LED^D* S4?!4. °1 ^1 ^ °ll A") , 44o)Af5] LED 
34 o)^ ifl-f.^ f 4 ^^-nlsflo,! #^J1 44°14^1 7J 7>A] 4^-o)l 7)l« 0 V#5lc>l n fl^|o)] o)3) *<gs|X| a 



* ^21 -iAH)5l ^1 i ^ XI 2 iWl Xl^A^, ^ol^-o, ^S}^4. £ 4, 16 

b, 17, 9b ^ 22« 4^4^, 3!^a£(40i)* ^^HlAl 4t=51 ofl e| ofl ,g.^ ^1^4 ^4X1^4^ 

d ^^^^ ^ 0 )^t! ^2j4fe 1) «^a^2l 4«^£-S 1-44 41-471* 7j-is}7i4 &^°\ 

o,lnlElS^-E)o] 7l5l«Hl o] a ^o. BflAl^oS.^^ ^^S.^ 4^4^ H l °J ^ 4£« #7>Al7]i, 2) ?! 

^£^si 41-^-S #44 4*43* *4Ai7)7m t^S^ls^E) h.6>a-i ip]Els^Ejsi t]Z\^ *}e.H 

* yfl^l4«-s*) i*37l* f=4A|7iji u]<g <HM7l^ ^^^4_ 



•& 4^^1 4t44 ^Al^oilAi, ^0^5.^^- ^l-43ol 4 4.25mm+/- 1.0mm 1 ?! 5-4€Sol^ o] ^lsa] ^£ 4 
6.5- 10.5mmOl31 »ll 4 ^ Aj-^-°1 tfl4 «^ ^^(401)4 SE^ H4*A>ols] Tle)^ 4 5.5mm+/- mm^l 4. 

^.^al ^Aii?}^^^^*^^^, ^fl*]HH*i «°14^ ^4^0] 7}*44. 
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(57) 3^*1 
1. 

<1^#^-^S1- H^l #Af i^f- f-3*M fl*fl »HlnH4 7fl£-f H# 7^ *Wop^ a]^*)] HJ-A} 

oil n] 3 a]-; 

^q-olAj-6, ofli.H ^7]5l-4 *>4«1^S] ^7l5]H^ 7flS] <?Wd §> fe HV 

«M °fl°l Ei Bfl^lX|. 

* l^Hl sa«H. 

*H 3*<H1 sa°H. g^#->M3 ^fe 3-43 ^d7l^Hfil 3«ti*d #3 sfe «dr£^l u o v 4 °W 

el *IM*1. 

Si-ulcl^-fi, ofltH #713<E4 ^7l^& l^f^flS} ^71^ O.S WIS Sfe 
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«m-o|^ oitH #7le)H2} ?Di-fH ^7le)Hfe ^#Jf7.fls|- ^7)^A £ SJ^r 9b£ 

*| 11H1 

•fi^fr-Mfc ^q-ol^s] tS-Af o| D lEj» £$*>fc a* ^ HM- i»l 

^1 7*^1 5fl°H. 

* llM sa°H. 

10. 

<g^t« ^7le)H^) ^ t)RV sm-ol^s] *3£^|'8-a> oflniBis-fEl ge| f-s.^ *UsH= 

3-2.3. tM33°1 5ttfc 2* ^3-2.3 a M «HM3 all 

11. 

Dl 1 * 12. 
13. 



- 27 - 



^flB-gj h-2001 - 01 14224 



14. 
15. 

*n i^°ii sa°H, 

«^ £4 * «3 £4-1 £#44 gel^Rr taM«l 'S^^i- £^4 ^Hi^lfe ^a^>s) 5 
16. 

sMrr €£^1 #4 «IM3 #3 B o v 4# 444^4 4^4-b €3 3* 4^ as *>fe £51*1] 

H=t*% 17. 

* l^Hl 5tl°H. 

14^*4^4^ £51*1] 44 S<>lfc #4 37] S] 91= tHD} BJ. £ ^| a o VA> i H7 )o] ^ IdV 

St 1 * 18. 

^1 i-%hi sa<H>i.- 

#51*11 £4 i^l^ 4#4*fl4 4.71 ifloli* £44^r 3* t-'S -2-S- *Kr £51*l| 44 °1Me) 

4 

^4 19. 

A 14<H] sa«H>i. 

W^l^ £51*1! 44 * l "t 1 4* 44* 4fe 44°143 l 451*11 44 7fl i ^ « 0 v# 4^- 

* 4^ 44°14s ; l M 2 451*11 44 °ll ^1 el * £444 *l l t 4fr 31 l "r 4# 44^ °14 if 1 ?1 
^3 as £si*i1 44 oil "l el A A A . 

A i4i SH4 

s>u)-olA o v^ BV £ ^j) uj.^ oflnlEjfe t44»lAA oi 3} £ 0.3. oflnlEj nfl ?1 ^1 . 



3^*21. 
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4 HM 9iW. 
3^22. 

3 itfflfrfc 3* s^g O.S SRr <&£L*I) tfA} Hfl?l^l. 

24. 

A 22% i 5fl°H. 

sH-H^S} #51*11 « 0 U> afln)E^ 1 «}51Sfl «M o)1d)e|s). 711 2 #£3) £tf *M , * 1 #5. 

3^*8" 26. 

* 25%i sa«H-H. 

«ME|4 ^ 2 «VE^] «M f-*fl 2*1 ^ SUM** 3* t^iiBfe «VA> o))D]E] 

3^28. 
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1^1^ ^ #4 « A o v AS ^ o.S HVi^l °W Jfl*)*l. 

3^*29. 

* l^i stt°H. 

1 W^sf l^sfe ais-Sa* c| itfsj-fe §fe «KE*I1 «M ^^e) iq^i^]. 

«J£*U^> -/Hi-fi <g7.i*J-# Sj-q-ol^S] 7Hif - ^71 5]H# ^Bl*l 

^^31. 

^q-Ol^-S] o1| D l^# 5t*>^ tiVsL^] ^ple, sfl^-g-CLSL, ^J7l ^ 1 £E3|2| <ySR-g^ il^o 

St 1 * 32. 
^*J-33. 

*i 3i*j-°fl sa°H. 

il^ T-flilS ^£ 5J* #3 ^-S 5fe B] 
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t ^#^4 3, 43 "d^Sl ^ °J^]7l-€ 1 ^% V * Sfe ^ 1 ^71 5}S.4; 

^£ fc^-fr 7H^ 4*-H#3 B o V 4 °1H£| 7112 ^7l g^o( ^£ Sl-M-oW 71) 2 ^71 El.E.4; 

sl-M-o]^ £51*1) #4 °1MeH « 0 >*^ 4^ cfl^oll ^Hl'SV ^-g- f^o £ t>£7ll #4 

M 1 7d7)BlH2f g^Mfe <?1^^°1 ^iS ?<$S|<H 5!-!- Sf^ 5lHSEfl°J. 

3^37. 

*n 35% ^i su^-h. 

7,11 1 37]e)BS}- «**JMfc 4£ ^ 7flol^Sl 7(|S.S. 3^ s^J 0.3. a] H a efloj. 

3^38. 

* 351H SU<H-*1. 

S^olAj-fi] «V £ ^1 #4 <*ME]fe cf°l^H# 5E^°-Rr WAS 3lE«a||«a. 

3^*39. 

711 35«<1 5U°H. 

S^olAj-ol HV E ^1 #4 ojul^fe tf* £t4^r 3* ^Ai S}tr B]H=S|<a. 

4*r3 ^71 4H- 0 l-tf3#£*ll HM- °fl D M; 

smojAj-sj tg-4 iniEis^-El -a* ^»4£^ < a*t j M3-; 

44e>|Aj-<i] tiV£^l a 0 VA|. a||nlE| #7l *j#°ll £;g£ ^7lelH.4; 

44°1 ^4 °H4 «|-q-oi^ai ^l^na) Jf£ 3 l^t^l) 3 ! 44* ^3°1 21°-^, 

$51*11 #4 °fl D l el °11 sum *<^H ^3 tf^fe €^4-1 
sflSfl* 51* flfc £51*11 #4 °H d 1e| 3H?14 
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4 40%H1 9l°]*\, 

€&! ±*\t= S3 !-*i-§-4 !)3)sHr £fe ^-fr «H) -°SL 4fe aVi^l <£4 *MiH n?}*]. 

^n 1 ^ 42. 

*1. 

* 40*<H $a«H>H, 

gel£4^ t£i±4^ 33*4 4^ £fe 3* f^s 4^ #4 <H1 D 13 Am. 

3^44. 

43*^1 sa«H-*i. 

4fe ££31 #4 *M*|. 
31 45. 

*8 40*J-°1] &<H4, 

4401^0] °fl£4 -93 4* «}=L*«IMH. fl-S). 431, *bM£MMh $ coc* ^MWfc *£.S->M 

3^46. 

4 40-t°fl SSI<H^, 

Jfli^fe 3%*** 3 £$4tt 5!* ^8-2.5. 4fe ££3) #4 i^E] Bfl^l^l. 
4<r3 f^4fe 

B)i*IH s}sfl g^xiji, 44°14s] n|3E*l^* #«fl «o v 4# ##*Rr 44°R V 3 «K£*I *4 °IHe]4; 

st-i+o]^ aV£7fl a Q U> of n] o| ^Sj^ ^4cj 4 1 AflHS] ^ 33.3. S]£Sf; 

44^ H M <HM34 Jf4£M SU4 ^) 1 3]i^4 4# 4 2 3)3.4 ^ 1 * 

* mi 3* m°3. 44 °m nm. 
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3^*8-48. 

4 47^-^] sa<H4, 

7fl i xflEo] ala^^ 7fl 1** * 2^UM ^£ 31 l ^4 ^s£\ 4 Sf"4fe *^$£L 

5 4xr #4 

St 1 * 49. 

St^*50. 

47% °1) SM4, 

*l 2^)s^ £f-4^ ^3 °.£ 4^ «M °IM3 3fi?H. 

St 1 * 51. 
47%H| $a°14. 

sWItr -S-71 smoi-s-s; tiV£^) #4 44 tg-^jg « 0 UH1 3* .2.3. 4fe a 0 v 4 °1M3 

^1*1. 

St 1 * 52. 

* 471H sa°H. 

smoi^j-si 4?1 ^7lalH^ «aWMaj <a*)l« <3#^?1 3* «i£ *R= ft£*fl #4 °11 d 1e1 31?14 
St 1 -* 53. 

<S^*^3 44°1#3 <HM34; 

44^1 #7)31-1 44°143 5.^)1 19-4 oflniElo)) $_7]^SL£. 3#sRr ^4; 

^©1^ £5L*fl #4 «|nl3, ^f-^S) ^£ S 44^7l5}H5l ?Hl*Rr SflH&^r ft 

44^1 ?]7]J|£c 44°14°- #4 °llule)5.J?-El o] ajiaflftal 4^#4^ol^.#o.s.^ l^l^MM 1*1% 

iL4 440]^ .g-A). oflp] 33.^3 3qs^«vsl ^«£^ <§*14 0 1 3 3}* 4^ 3 0.3. *}c 

my\ ft £31 #4 afl?)4 

St 1 * 54. 
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3^56. 

#71 sKH^sl «>5L*11 * *a> oflDiEls.-?-^ ^1^ If-^L-t ***Rr IHM^; 

^71 SWol^VS] h> £ *H # y o VA> oflDlEjoi) ^71 a] .2.3. 3^SM S)-4 0 l^ sV^Sfl % #4 6| nj S-f-E] $ 
7J <>l*Hi*Sl-***Hr ^MM-fl*) €7l^£^; 

471 ^71 51 = 71-^-71 3]3E3H ^)<|| ^]S]<H SU^-^. 
£ -*7l < a^#-f-^S) if^* igAj^ ^ ^* f^Ai §Kr ^ 

#7) #7lelH # ^7151^^ g^*?^ ^ Zi£ ^^^S, Sffe * «M u o>* #*1. 

3^58. 

*ll sa°H. 

^■71 ?])olHS y^7>^*V ^4 Sr^SLS. t}^ ^X]} % » 0 Uf ^ ^1. 

59. 
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t}^ t <M #*l . 

$^60. 

^1 56*011 5tt°H. 

*m-ol^S| WV£S)1 #4 q-olis oj^-gr ^)i S u> E ^l 4 « Q >§ 

A 56*41 SU^-H. 

*n 2 <af-s*r * i ^*s.sl4 ewi^pi, 

^•71 sKM*S] ^ tfJ-Al- o|| ul El ol| ^HO£ Si — ^ , -*7l *W°ltfS] * *4 °11D1E1S.^E1 

^lftfi) ^>7] afl 2 ^l^*>fe ^0]^S\ ^Hl«H, 

*H 4 i ^7l^H4 *?1 «37> f-«Jt!r ^1 3* *W ±3.*^ ££*fl * » 0 Uf «J-# 

^*}$$ *?1 &7]b\e.*= <i^# JMN 3*13 3* 4fe * B o V 4 u o V # 

^^64. 

alfi.nl, 

BVSAfl % ig-Af of^S^ ^71 ^SfiS «>5i*fl # #4 ofl n] E) &1 <§-§; ^#*>7] Sfl 2<S f^t 9 ^ *> 

*7j t *4 "83 ^#-§- <a^ -^£4; 
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%%3.Z #7l 4 i <S*SS4 3^, #7] ^l^te eM4*H) s]sfl ^ s 3#s)<H SCU^, 

^flol^o] ^^Hf- ^Bl^ S^10 S Sj-ij * *4 ^#SHr 3lS«iSll«a. 

*ll 651H 5fl°H. 

SH-<>l#al ^7la]^ l^tH^l <g#4°J 74 -gr *4 o. s ^ sl<=JEell<a. 

* 651H1 Sfl^'H. 

#71 <l^*^7.im &m-°l#si HV^ii # y o v 4 «fln]E|7> *U1S *W<>l#si s^Ag a^*>^ s^j §]. 

^^68. 

% « 0 UV<H| D ]6]^ ; 

#71 2]HH5fl<a 

#7l igt^ t«S-4 ^l^els -f ^ #*)*si -a*} *H?-sRr 1 ^# JMS 

o]*} "S^sLfe #71 711 lt^Sfi^ € 7H^, 

#71 #E*I1 t «M iH^lSJf El ^1^ 1f-S# Tfl^SRr ^7flol#Sl ^71^4; 

Sl-q-^l #71 ^7l5l^3l^HlSlS)l ^ . 

^01 AV 7] s^-olAj-o] «_> £ ^, # u o V # ofl D] BIS-?- El ##°H ^WM, 4^ tfSHI # oJulEl, #71 *J 

7lel^fi) #71 <a^#-^7flsl <8<«€ 3* *H^£*Kr # ## « 0 Vfr # 

*1. 

711 68#i Sfl°H. 

5W»IW 7^?lelH^ 1^#Jf7(|^ <asfl9i oj^oi 34 «vt^| # ## 

^ESfl # tfAMnW; 

#71 HJ£SB t <HlBlElS^El #*121 #£| ^4 1*3.1- 7WKr l^f^; 

#71 ol^} If^r #71 711 1 1f-3i4 *UW 3-*\. 
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#7l ££*fl % 44 OUnl^S^E) ^1^1 4*1 2 S*£t f-7flolA>S) ^7l^£Sf; 

443 <&£*| * 44 ^M^, 443 443^.3 41-, 5! #?1 fc** J M*l f34 4i*lim ^14 

4, 

#7l ^£J( ig-A}- o\]v]^$>r ^7le)Hir #7l 4£*)1 #4 "W^W ^4 4<>H# 471&1H4 S^o]] 

44, #?1 £4£ #71 J*| 44°1#33 3 £3 44 4fe ££*H * 44 4# #4. 

44 °11 n lEl4; 
el S. = afl«g4; #4 B^H^-fr, 

#71 #4 ^433-43 4*143 o]*} 44*443; 

#7l ©l*> <i£^fe #71 ^ i g*sj£4 e t*14* 4-^, #71 4E*fl 44 ^13^4^ 4*143 *A 2 «#s. 
* 43-4fc 47lH#3 ^7lBl = * ^4*K . 

#71 elH5Efl 0 J-& °J*fl3 3* ^AS 4fe 4£3l * 44 4* 43. 

4^72. 

4HH3)<y a^^lfe <a4#4i43 4^3 4 *|*J- e!h# A±^, *W d l#3 4 0 14^r sW-°l#3 ain-f 4* 3 = 

ofl ^^}4, ^7]^ 5 434 4£*fl3 A101ES.4E1 #3 elHH31<3 a^^ll" ^44fe 444; 

443 4^3 43 3«s?;g£ 7>44, 44343 4E*i| 44 °iM3t- 44"t-^4°fl 34*Hr 4314; 

5}4«h^ ^#^4 443#3 43441 331 4JsL 344 44343 3l<=43* 44 444; 

sj-33#3 tiVE^l 44 *HI 4#°H 44 £ t-H&s 443 #4 45L*I) 44 °l)33» 354^ 44 

4; 

443 sm-oltfs] 434-f 44 # ^3 4 74^- a^os 4^ 4£3) 44 °H33 *l34-& 4Hfe 4^. 
^T 1 ^- 73. 

$ 144 4£3ls43 f433 5fl0.nl, 44343 44343 eM»M 3*)1 i^H ^#33 StLM, 
44343 441^44 443 -834 3 i44fe 3HSel<3 2^4; 

44343 44#£4°fl 3433 4-2-3, 43 3^3* 4^ 44343 *4 °)I D 1^14; 

s>4oi^j-3 ^ d7l 3^34 5>4°1#*1 4^14°fl ^4#^4<H1 ^7H1 ^^4 ^4<^1#3 bIhaH 8 ! $7] 
^^44; 

s>4°l#4 a o v 4 °11 D 1^1- ^^sl 0 ! 44°1#3 #4 ini sl*fl u o v #4 4#°il 4^«: s)£ 

^llr^alsH, 

440] 4401^-si 6Wn}fc 45^171- ^-^4^ ^4^3.4 44°1#3 14#±41- #4 Cl l#3 4°14°11 3*11 £71 
i ^#4 444 el ^4 «^4fe 5!* ^4*5 4fe 44 i^tl 41 -7l ^] . 
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3?$- 74. 

^ 2 1 <a^-S£Lcf t^nn 3^, 

^ * 2 A**tf= T^flo^o] ^7lel=# ^Hl«}-c ^* 8}^ «VS.Sfl «M oflnlB] jfl^x]. 

3^75. 
*fl 74t°l| 

Aj-71 *molA Q Vo| HVSL^l U-4 ^H^lfe -SL^ St H o V #S>^ ^7Hfi] «V£*)1 ofl nl Ell- 

5ii^oS«}fe «}E*1) «M «M3 n -7)7]. 

^^76. 

£ sVfe «V£*)1 «M- m)7l*l. 

^^77. 

76*J-i Sfl<>H, 

*7l 37)121 «V£^1 aflnlB]^ 3 «1 ^2:^3., #7l 37fl°l *£*fl °fl D l 3 ? 4? 

AJ] ^ 2 °)5L ^-71 37112) #5131 IM- ollDlEl^ °HnlB|^ 2^-§- 3# ^^11 

H>£^1 0)1 njEj afl^l^. 

^^78. 

* 74^-^1 sa*H-H. 

Aj7l *m<>l^ ttSJfl #4 LED 3 *$%*m IfSfe 3# ^11 «V£^| #4 <fl«lE| Jfl7)4 

39"% 79. 
*11 781M 

^71 fl**|te«-SE., $S.gi* MIS £±^1 #4 Jfl^Ml. 

^T 1 * 80. 

* 741H Sl^H, 

^71 ^7flol^0l ^7l2lH^ 371101 ^-2] ^7l5lH-& 3* W«£ #4 °H D l Q 4?}*}. 
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xfl 74#i 

#7] §>i4olAj-o| uv £ ^i aj-A} oflBlElfe Xl 1 3? Xl 2 #7l ^#-§- *i] 1 ^ »1 2 <&E*)1 >£4 ^lElf- iMt 
Aj-71 ^7flo]#<l| e| c fe ^. 7 ] Xl j ^H^] Hj-A} o)|t7|e|<>} X] 1 #7l ^ #°)1 #7^ <L£. ^#SH Sl^-H, *H 2B] 

^fe ^ 1 ^ *ll 2 #£*1] #4 <H]BlElo] Xl 2 #71 3 #4| 3 71 3 <LSL 3#3°1 5U^. *H 35^ #7l Xl 2 £51X1 

«M <HM^i *H l #71 ^#i #71^ o.s ^#sH ^ ^^is 4^r #4 °fl D lEl 

74^°11 sa°H. 



#7l 44°1#3 #51X1 #4 ofluiEife XI l 35 *ll 2 «l5L*fl a M £«-*H, 44£ *1 l S ^1 2 #7] 3#* 

SA^, #7l ^7Ho]A}fil #7lElHfe #7l XI 1 ^EJfl «o>4 e|M E] <J] Xl 1 #7l 3#<1 #71*} 0.3. <S1SH £U, *| 
2 #7lEl^fe #7l xl J HV£^1 « 0 U> 0,1 nl El Si »| 2 #71 3 #4 #7l Xl 2 #51*11 #4 1 #7| ^ #°fl # 

7l# O.S £#SH fl*.^, *H 3 elH^r #71 XI 2 £5131 H o v 4 <*HtH ^ 2 #7l ^#ofl #7)3 0.3. 3j.fr s 

3 AS £51*1 £4 i D le] xfl7l#. 



#7l 4v+o)#Sl £51*l| *M <*nl3fc ^ 1 9! ^ 2 #71 ^#-§- £^ XI 1, *l 3 #4 o| d]e]# £ 

#71 ^7flo)A}Sl #7lEl^fe #71 XI 1 #71 ^ #°fl #713 11 <31£ ^ 1 H]H, #7l XI 2 £51*1) £4 °11 D l 
33 ^1 1 #71 ^#<H1 #7l^ o.a * 2 3H, 43 3 £51X1 £4 °11333 XI 1 #71 ^#ojl #7)21 O.S <g 

XI 32]H g #3 Xll, 4 2% 4 3 £51*11 w o v 4 i^lEli #712) O.S <g^€ ^1 42l^» afl-^fe #ir 

a 4^ U JS.^1 *4 <Hl^El an ?)#. 



84. 

^1 74^°)1 Slol^i, 

#7l -5>q- 0 l#3l "J-4 °fl n l e) s4l?l#^ lSOmW^l #^-§-°^i- ^ ^J* ^-^-°-5-4fe *4 °)l D lel 

2)171 #. 

^1 74*^°H Sl^H, 

#7) 44°1#^1 #4 °11 d 1e11- S^r K|£J(|» n] ifsfe 3# 4^ a o v 4 <>IM3 ^?1#. 

all 74^H1 5a«H4, 
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§>4o]^o] hvs^ii 44 ^4 4°1^1- £44£ 3£ ^$slsl t}^ t^Xl 44 o^e] 

^4 87. 
XI 744i 

44°14si 4£Xj 44 4M3fc iWfe 3* §Rr &EX] #4 ^13 ^IM4 

^44 88. 

4 1 S ^ 2 *fe ^ 1 «Vi*fl 44 

4 1 SMI 2 «7l 2fe 4 2 $51*11 44 <>Wfik 

471 4£X1 *a> ^lnl^^El 4*143 Xl^sRr <a^*-¥-X14; 

4^1 4 1 451*11 Hj-A} e)TilEjd] 7fl 1 ^71 ^]2j0 £ ^ J ^^HS}-; 

4?1 4 1 S 4 12 451X1 4# <h1 d 1e^1 4 l £71 £7)3^s 4 3 £71e^# ^«lsH; 

#7l £71 ElHir SWol^Sl a>£*B «J-A> o)| D ]E^Jf e) ^-Sl^-fll X| 2 "Sfl-sLt- X|#*H 471 XI 2 g*iMr 4?1 4 

1 <gl-SJi4 £7l*)*J-ol a^J^^os^ «v £ ^)i ^4 <Hln]^ sfl?!*]. 

^4 89. 

XI 884i 5fl°H. 

471 XI i ^ XI 2 44 3 xi l £71 3^r£ ofl^Hol^, #7i xl 1 ^ XI 2 451*11 44 4 2 #7l 3 

^ tl^-i- 4fe 451*11 44 °11 d 1e1 3fl?14 

3^4 90. 

*fl 88%H1 sa<H4 

471 44»14^ 4£X1 44 «*IM3* Sfe smxi-t 1-1 £4«Rr 53* 4fe 451*11 44 °ll D l^ z)|?14 

4^4 91. 

^ 0.006$! *H 3-3 #51X1 44 °H D 134; 

471 451X1 44 471 4*143 X|^4fe ^1^X14; 

XI 2 gf-sfc- XI l tf-iLS.4 3^, 

471 44°143 451X1 44 4MeH &m<L3. <&%%«\ 4?1 44 6 )43 45131 44 °11 *i e) 5.^3 4*143 4 

2 <fi*5L# X)^4fe ^7lW43 £7l2lHSl-; 
4^4 92. 

4 9lt°ll 5U°H, 
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$7] 44°142l ^5L5fl 44 oil D l El* In S}£4« c) £44fe Sr$<L£. 4fe 44 4) n] B\ 4?]*]. 

% ^ 4 93 . 

*ll 9l4°fl 5tH4. 

l^t^SH HVE^l #4 °fl D lel 4^ 44 °fl D l^ 7j0l 3.71^ B J-o|Dl BVE*)1 44 °M*1 ^ 37] si 

4 4°14 Ol^-g- S-^l^S 4fe BV£3j S Q >Af 01) Dl ^ 71*1. 

4^4 94. 

*fl 9l4°ti &°H. 

s]r£^l 44 <fln|^^ !^f^7fl4 ^7l^^sf^ Hflo]^ 3* 4^AS 4fe 45131 44 oflnlEl 4 

7|4 

^4 95. 

^1 9144I &<H4, 

^-q-oi^si wi-^^i 44 44 4°1££-1 £44fe ^is. 4*r <££sfl 44 afl?]^. 

^44 96. 

*fl 9l4°fl 5U°14, 

^i4°143 ££31 oflnlEi^ * 4# i44*r ^3 AS 4^ 4£*ll 44 *M4. 

444 97. 

4^S1 3fl7)*lfe *14 6 14^ HVSLSfl >g-A> o)!^ EjS- 4^3 4E*I) 44 °fl B l 3 ^fl *1 4 S]HEiSl»J 2^«H 

h $H4 

aV£*ll #4 2fl?]*14 444 4^3 elHsal°g# 3L444 443 Blns^-fr. 

bv e ^i « 0 va> *H3s$-3 4£4 U4 1 f^t *R4fe <S^#4*ti4; 

^7l^ = # 44°143 44 °IMeH 443 4?1 sl^s}; 

>*7l elHsaj'g-fi- 4»ll ^4^ 44°143 eH4# 4«14 34 f^is 4fe £34 
^t 1 ^- 98. 
97441 5fl°W. 

4?1 44<>143 4°14fe t 7^14^1 #7l e!h# 4^)1 <a3*R? 34 f^'^ 4fe elH.«fl|^ 3^4 

^44 99. 

4 974i Sfl°H. 
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^T 2 -^ 100. 

41 99*i sh°h. 

g= 4- 47] E|-o]H>fe f-7l)ol^s1 47I ^ ^sfe 3>£ ^os ^£Jj|°J 2^41. 

^-t 1 ^ 101. 
41 97*°)1 51 «H. 

^71 44°1^1 4<>1 4^ JMMtfa] 4?1 S*#->M# **ll S3*J-fc 3}* f^Il^b 5lHHS)l°d 2^41. 

^T 2 -^ 102. 

41 97*41 Sti°H. 

47}s] ti^ftJMfe aKMtf^ h>£^) *4 °1Me14 *I43 *KH<**1 ^£.S elHS 

ell°J afljfl. 

^*J- 103. 

41 102*41 %L<H^i. 

3£ #4 a $ o. s iWfe 3* *tf.°3. e>fe alHsai-a am. 
104. 

440] EjHHJjoJ^ 471 44^ ^7le]=^ * 1 S "fl 2 €7l5lH-t -SM 41 2 #7l2lH^r ^#^41^ 

■a^flsl 914^?! 3* 4fe 2l^Sell 0 J 2^3] 

105. 
41 97*41 

471 4^ m 3|s.fe t^t^4lM4 3 3* 4^s*lfe 2l«?n<g a^sfl. 

^i 2 -^ 106. 

41 97*41 flOf-H. 

"BWM*! T*Hfe 44^1 4.7151HS1 3<Hi 3«D°J 3* ^3^3. 4^ elHHefloj a^sfl. 

^T 1 * 107. 

41 97*41 SW<*I. 
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^t^J- 108. 

4 97**1 *M4. 

l^tnfrJf^ a^sU, ^-71 1 HHMJ* 4^Rr I^ai 4 

^T 1 * 109. 
110. 

*D 97*i sa°1-H. 44s] ^7]elHsl tflafl 44 0 1#3 #4 °iH e) iL^E] €±#3 

3^*111. 

* 971H1 floj*!, 

zj-zj-o^ oj~f^Mj^ s<|i^|s gojfl <a^#-^^s1 4^3 §7)-«V7l f|4 *m-o)^«!| # 

* H t 1 ^* £*4fe 3* 4^ alHSerJ 2^3). 

St 1 * 112. 

H 97**1 sh4. 

443 «1^°s 3* 4^ B]H=«|g as*. 

St 1 * 113. 

5]H=e1<3 S^lfe fl £*4^r 4^3 e]H«3l|^4 4t^1 1*1* fto.bj.aE* e|=. = isn«g atfj 

-*7l 4<r3 31 = nzl<g* 4S 3#4^ 4^M EM4» It*}^ , 9 1 ^£^1^ ^1 o] Si = ^ 3 
H«e||fl* U<8*l-fr £3)4; 

Z^ Ctf^ ^u)^ 

44°R V2 1 45^1 #4 443 l^f^H £314; 

4-^ ^ ^ ofl^iel 2j7l4# f ^s>£-s. 44<>143 45L*11 «M 4MeH 3*ti B o v #^ 44°H * 

14 1££ 443 44°)^3 #4 «1M3* 3£4fe ^14fe ^ s-^jls 4fe4^3 #5L*1| # 

4°W tfHfc 
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^T 1 ^" 114. 

*fl 113<H] sa<H-H. 
3. 

115. 

slHH?fl^J S^^r ^ 7flol^9] ^7l^HS}- t^l ■a^S}^ 443 e1S.a^6| cH*V *7H*] i^S}^ 
116. 

2lH=2H<a a*8*fc sm-oi-S-si ^7ie]H# *}4-s) l^t^M «3*Hr ?7H*<a a**}^ 3 

3^*8" 117. 

#71 3*1 «M= ^lH^ ^-71 <a^#J|Mt- tf*fl ^SRr #3 O.2. 5ft ^H. 

118. 

* 114*41 SZ<H^i, 

SKWoj E^i^ 3-1- 443 «*#->M4l *<«*H SKW#3 « 0 Uf o)] D lBll- ^7) B^i* %°\] 44 

Sffe C| if#b <JJ* S-^ O.S Sj-fe ^U. 

^*<H19. 
3^ 120. 

*n 117*^ sH*i 

^7>sl els. Hill tfltf 4t3 #7lelHfe ^ l ?J *)1 2 ^7l^ = # £W, <*7l 4 2 ^l^nfe 14# 
3^ 121. 

* ii7*oii 
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122. 

4 1171M) sa<H>H. 

<S^#Jf^ q-q-s] ^7lelHS] ^Tflsl 2j<H£ 3a floi s^j^ ^ 

^^123. 

*1 1171M) 51 <>H, 

q-^Sl m SWol^ 4-0} ^7le]£.fe H^-fr^M ^7]^ O.S 7A-t #3 o. S ^ 

124. 

Jfl 123%°ll Jtt<>H, 

44°1 ^7l5]H# *m°4- lH*1 4<r3 e]Ho)l eH«}# 440] el = «efl«gofl ^sfl 

125. 

* i24%°i] sa«H>i. 

s)£tt*te 44^ 1^ elHfil Jf-S-§- Sf-^-fe 3* #3 o-s. *\t= #3. 

126. 

4 125*<M1 5tl°H. 

B)£ ^ ^ z]-4S] ^7l2l = * 44^1 1^#->M* £1*}^ ^ g^f 

127. 

au= = *i«g 23*11* % <s«h= #7im oi 2^1* <a^isi ^#*Rr ft Till- aimfc 

37*8" 128. 
127%H1 ja°H. 

44S1 ojA^y^fe ^7lelHfil ^-*M tn« £51*1] «M °l)n]El£Jfe] ^ ^jesR: 

t*I& ft-S^S. -?3€ ^H 1 #1]. 

3^ 129. 
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4 1171H $1<>H, 

^T 1 ^ 130. 

A 117 W Sfl«HA), 
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1200 
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